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GENERAL SHOT INFORMATION 

I Shot I Shot 2 Shot 3 

DATE 
I 

I March 
I 

27 March 
I 

7 April 

CODE NAME 1 
( Unclassified ) 

I 

Bravo 

I Romco I KoOn 

TIME* 06:40 0s: 25 06: IS 

LOCATION 
Bikini, West of 
Charlie (Namu) 
on Reef 

Bikini, Shot I Bikini I Tare 
Crater ( Eninman ) 

TYPE Land Sarge Land 

OLMES ZI NARVER N 170,617. I I N 170,635.05 M 100,154.50 

COORDINATES E 76,163.98 f 75,950.46 E 109,799.OO 

I I I - I_- 

0 APPROXlfitATE 

* ..'. .:- : ., \ \ 

Shot 4 

I 

Shot 5 

I 

Shot 6 

26 April 

I 

5 May 

I 

I4 May 

I 

Union , Yankee Nectar 
. 

OS:05 ,I 06:05 

Bikini, on Borge at Intersection 
of Arcs with Radii of 6900’from 
Dog (Yurochi) and 3 Statute Miles 
from Fox 1 Aomzn). 

06: I5 

i- 
Eniwetok, IVY Mike 
Crater , Floro (Elugelab) 

Barge Barge Barge 

I I 

I I 

N 161,698.83 

I 

N 161.424.43 I 

E I I6,800.27 E 116,688,15 
I 

N 147,750.OO 
E 67,790.OO 

i. , . 

c... i,. . 
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‘Fhe proof test of existing and proposed radiological countermmures 
for naval erhips and raircmft not in flight la presented in detail. In 
this pm+ of Operation C&&l@, two test veasele, one equipped with a 
cos~lete wmhdmu &y&em and the 0th.~ not, were guided by remte control 
alow relatively clam coumef3 through the fallout regions of four nuclear 
detonations. 

OpexWAon of wmhdowi3 durw fallout,uutil qgr0ximatel.y 10 hr after 
detonation, thieved s reduction in dose rate of 90 to 96 percent rmd u 
reduction in accuml&ted dose of 87 to 94 percent at eqoaed locstio~~s. 
Subsoqaeutwashing for 2 hr only increased the&e reductions to 93 ,to 97 
percent for dose rate e;in& 89 to 95 percent for accuzU.ated dose. !Ehs 
accumlwted dose at exgomd locatfonm was as oarch aa 300 r at 10 bz &UP 
detwatfon. The tmmit dorx (dose frm fallout prior to depositiom) 
m-m eetimted to have minor siguificahcc m a nonw8shdown whip. 

In the ship-Ehielding studies, the overall rrhielding factor ww 
defined 88 the ratio of the dose rate in a contpecctment to that mmeured 
at M unshielded location above the weather deck. Sourccc of mdiathon 
were deposits of-radioactivity on weather surfaces, the activity in ,422s 
sip during fallout, axed the activity in the sea %mter. It wEiz foXXl thst 
the overall ehieldiw fmtor decreased with time WA thickm?m of si;eel. 
Thic f&&or WRB greater f?x tl!e mm‘hdown ohip. Apparent ribbsonption 
coefficients were ?.'mu.d to increase re6;ulmly with t&e. Use of thene 
coefficients in eonput.ing the istkelding from Wtctivit,y depoofted on the 
nou~%&down ship g&ve relatively close argreerzent with obae-rved mXm.?s. 

Ship decontmin.&fo covered 8~1 extended period which &ffect::d the 
results as follows: (1) decomr"r;Elazlimtion effectiveness exclusive 7. dccqf, 
76 percent; (2) decontminztion effectiveneea pluo decay, 80 to 9u grcent. 
Thus it appears that tactical decontmainatior: of a ehip sbouSd be a mmd 
operation in which all c~ntmimted surfaces are attacked &mltenooucly 
to minimize unnecessary additional dosage to exposed ?ersounel. It is 
ccmcluded that a washdown system is the urost effective tactical decontmi- 
nation counlcr~asure presently available end that for ships not so 
equipped et combination of firehosw ad scrubbing with deterSent io a 
mtisfactory interim decontamination grocedurep Strippabl(n protective 
coatings mst be further developed and improved before they can met the 
x-equirmente for a tactical decontmination procedure. 

!i!he interios contmizmtion study indicated that the average airborne 
activity concentration in cubiclee vezltilated by ungrotected duct syetes~ 
was of the order of 0.0s percent of the average weatbereide concentration. 
The paper-filter aud electrontertic-;grecIpi~~r protective devices in the 
vehtititloer syotern reduced this value by a fm-tar of 94 to 98 percent. 

The aircraft &uCiea revealed i&at the WW&&%TS redrrced the cockpit 
dose rate by ‘$+ to 95 pcrccn;t. %%e 3.zmedia’;e effect of aaJ.t water from 
the WE&&~ or decon%?,mizWtiom op%mtions W&W not serious to the plme8; 
if their ighitian sgrr;te~~ are protecte2, the plmeo will remAn in flight 
condition. Decontz?&mXm effectivmese 02 akrcraf?. unprotectad by 
washdawn WELS $3 to 60 pcxxex-at. by firehosing or ko&liquid-jet cloauing. 
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A subsequent scrubbing with deter&ent 01' aohmt emlaion sho*uld increase 
these figares to ‘75 to 90 percent* @ct31W?t distributio=l was not uni- 
fom over the planes but d.C?$%?XIded g;reatly On the rehtive direction and 
velocity of the wind as well as the type of ccmtz&umt. 

Zvaluatiotkofthe alr~mitor showed that the presentdesigll could 
be used to indicate the presence of 10-g curies of beta activity per cubic 
meter of air in fields up to 0.5 r/km. T&fe ehaul6 give eatisfactory 
warniag of the presence of bet3 etitters or incipient build-up of gmma 
emitterct in regions where gamaa background ia less thm O-5 r/hr. 

?Jhe gama recording syster% used m the test ships proved basically 
sound but mzda &proving for sixplicity and refiability. 

Adequate survey ihformticm was obtained within iiut~ge llMt&iom 
by large nuzberc; of unskilled rmnitors who were briefly lustruc~ed on the 
use of3mxLtorjsg iaetFunentainas~~ized.p~ed~. 

For personnel protection, a procedure is presented by which the 
average radiation level aboard a cont~ted ship may be estlmated on the 
basis of dose-rate masurenr?nts taken from a neighboring vessel. Extensive 
recommdatims concerning radiologi.cal safety instrmmtation, procedures, 
and equipmmt are given. 

Thxes ~emral categories of rocmndations are given 3.~3 the report. 
These LLUT.?: (1) use of equipment or procedures; (2) need for further 
inw3tfgetioa in~specific areas; and (3) @mvement of testing Cechniquea. 
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This report is one of the reports presenting the results of the 3/* proj- 
ects participating in the kLLhita.ry Effects Tests Program of Operation 
Castle, which included six test detonations. For reeders interested in 
other pertinent test infopmation, refelwxx fs made to UT-934, nSumsxy 
Report of the Commander, Task Unit 13, Program l-9," Military Effects 
Program. This suquary report includes the following information of pos- 
sible general i&wet. 

a. An overall description of each detonation, including yield, 
height of burst, &round zero location, time of detollation, ambient at- 
mospheric conditions at detonation, etc., for the six shots. 

b. Discussim of all project results. 
c. A summmy of eaoh project9 including objectives and results. 
d. k complete listing of all reports covering the Mil.it3x-y Effects 

Tests Program. 

. 
.e 

PREFACE 

This report presents the iesults, of a group of experimental 
knvesti&atiorrs which me a part of a continuing prograu to develcp 
adequtite shipboard d-gemcontrol rwuures against tbe radiologicsl 
effects of nuclear weEbpcms. Because uo precise qwtitative information 
ofi th;@ cxte:nt or mgnitude of the typz8 of r&iation to be encountered 
and their biological effects wa3 available, every effrirt ha3 bea2 mde 
to present coqlete Cat&%, together with the circumz+~zes under which 
they were obtained. The result is an extensive report, even though mmiy 
operations1 and logistic detail8 hmfe ?wen omitted. Its length appears 
justified, since adequ&e test tac~mund Qzfomation is m&e averil.able 
for my future evaluation of the results. It is hoped that the details 
presented may prove uoeful in pl-uning other countermeasure field tef3ts. 

The introductory chapter gl.es the background of the investigation, 
its specific objectives, the p&m of attack, md the extent of the opera- 
tion. Each of the other chapters treats a specific objective and con&U- 
tutes ~9 cozp.Lete report written by the individual responsible for that 
phase of the inveotigation. Each of theve chapters has 8 separate 
appendix containing pertinent supplementary zmterial. Hence, a reader 
whose concern is with a particular problem my sstisfy hi8 needs by 
r:- ring the introductory chapter md the appropriate subsequent chapter 
with its appendix. 
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The extensive .scope of Project &4, Operation Castle, required the 
coordination snd cooperation of msny people from vrui0-~13 Ewal. Activities 
snd Task Force Unith AchmwLe~otie de to persome fromthe 
following naval activities for their part in the work. Mare Island Daval 
Skdpyad, chip convereion, imluding zxaote control; San Francisco S?aval 
Shipyard, final outfitting of the test ships; and Naval Air Station, 
Altuaeda, Calif., remhe control sircraft converrrion. 

The active intereet ad pers& participation of the Program 
Director, Lt. Col. D. I. Prickett, USAF, was of material aseistsncc in 
Project 6.4 and is graterpllly acknowtidged. 

Task Group 7.3 furnished approximately 300 men for a total of 980 
man-days from various ships for surrey, sampler recovery, and skip and 
aircraft deconwation work. 
A. E. W'illisms of the USS E&es. 

This assistance was coordinated by ChCarp 
Be worked closely with the project 

personnel, daily requesting the men needed, screening dosimetry record6, 
and rotating personnel as required. 
=kaospiedgf2a. 

The assistance rendered is gratefully 

The two teat ships (YAG 39 and YAG 40), the Molala (ATF 106), and 
the control aircraft (prsS5) supporting Project 6.4 operated as Task Un:t 
7.3.6. The Tkmakoni (ATF ll4) also served with this unit for short 
periods. Besides the =sig-ned siapport duties, Task Unit 7.3.6 fbniakd 
32 m~i, princi@.ly frc;;: th3 Am 195, fw a total of approxiatefy l2iJ 
msn-days fo? the survey and final decontsminations of the test ships. 
The cooperation and assistice of the officers and enlisted men of this 
unit, some of whom aema on direct asaiwnt to mojesst 6.4 and all of 
whom contributed to its operation, is deeply apptiated. The officers 
of tkese units were: 

YAG 39 

_L : 

H. Id. Ancell, Jr. 
G. B. Runt 
B. E. Lodge 
0. E. &ogotad 

YAG 40 

J. S. Mnlayter 
W. H. Rorris 
R. E. Lau% 
R. F. Serghison 

ATF106 

R. F. Reed 
W. B. Robertson 

uxll?~ Officer-Ia-cRarge 
LT USR Assistant Officer-in-charge 
LTJGUSR Supply Officer 
ChRachUSN Engineering Officer 

LCDR USI! Officer-in-charge 
LT USR Assistant Officer-in-charge 
LTJG USE Supply Officer 
Chk?sch USH Engineering Officer 

LT UgR C-ding Officer 
LTJG USR Executive Officer 
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R. P. Jacobam LTJG USN 
11. L. Parker EESUSK 
J. A. Waggoner . ehm%chUsK 
A. T. Robimon ChBosnUSN 

m75 

R.Borgstrom LT USR 
J. Scholfieldl LT USN 
J. A. Roare z.3.m ZlSla 

Pflot 
Copilot 
%wi&or 

Since I&E author8 represrent only Q frwtion of the project pemomel. 
the roster be&t ic given in eckn~tidgtB%nt of the efforts of thoee pmti- 
cipating in the field work or other ph.%sea of the project. 

Staff: 
G.G.Moluxp~,CAPTUSK - Project Officer au8 Comzuzder cf !I&& 

unit 7.3.6 
M. K. Bigger, BRDL - Deputy Project Officer 

Ki1iim-y F.m.Lu&tion Coneultfmts: 
W.-E. Strope, KRIIL 
C. F. Kamh, Ei’SDL - 

epecified ships' courses duriw the operation 

K. Scoville, Jr., AFSWP 
R.I@ymrd,CrnUSK 

R. P. licolson, KKDL - Projects 2.5a and 2.61% 
D. D. Cole, ERDL Projecte 2.5~ e.nd 2.6ee 
J. D.,knbtievich, YE-3 US4 - Tu 7.3.6 

opemtion8: 
J. J. Kt%rns, B&hips - Ship's Operations Officer 
K. E. Suede, BuShips - A83latsat for Electlualcs 
S. R. i!illiarprson, Mare Island Kavak Shipy!wd - Assistit for Electmnicr 
F, W. Zietieaeki, E&m? ISlt%nd Ntsva;L Shipyard - Assistmt for %%ehincry 
K. W. 1JOlTi8, LT USK - YAG Ibo, smll boat end vehicle transport&ion 

Test Coordin@Ltion: 
W. J. ArmstrolEgtBuShips - JTF Liaison 

Spscial Assistants to Project Officer: 
B. F. Bennett, CAPT USK 
A. C. Durham, BuShips 
R. A. Murdoch, BuShips 

Technical Orgfmization: 
1. wa&rlcrurr m-&uation 

K. R. Rinnert, EEDL 
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2. Shielding Studies 
C. F. manda, ma.4 

3. Ship Deconttwbmtion Studies 
F. s. 
R. H. 
R. 3. 
J. D. 
R. H. 
w. L. 
8. J. 
R. F. 
c. J. 
N. G. 

vine, NRDL - Group Leader 
Eeiskell, NRDL 
crew; mDL 
Sartor,mDL 
Black,HRDL 
Own, NRDL 
Velle, P%DL 
D1bibra, L'fijG USN 
Strzemieski, LCDR E3? 
Bbsi, MC USN 

E. Hoffman, EXZ 1 - YAG 39 

4. Interior Contamination Studies 

N. R. Wallace, NRDL - Group Leader 
J. C. Sherwin, XRDL 
F . K. . ICadhara, KIDL 
J. B. Zacccw, RRDL 
R. L. Johnston, ImDL 
A. E. Rexroad, Amy Chemical Corps 
T. c. Go-e, XRDL 
L. L. Wiltshire, NPSL 
PI D. Laiviax?, mm 
J. w. Henctrickrs, NiD, 

5. hir Xonitor Ev&bation 

6. Aircraft Studies 

J. E. Howell, ERtnL - Group Leader 
F. W. Heilmn, Jr., NRDL 
w. s. Kehrer, NRJlL 
G. Rildebrmd, ADC USM - YAG 39 
E. R. Fmk, AX USr? - YAG lie 

7. Inst~ntation 

H. S. Bright, P!?JIL 
H. A. 2agorites, XU3L 
A. W. Linder, Jr., LTJG US!sR,E;%?DL 
P. h. Covey, NRDL 
D. W. Eerte, EXZL 
R. F. Johnson LTJ‘S US3, NRDL 
R. D. .jwd,snn, LTJG USN, KRDL 
T. tie Baley, ET 2 USN, mm 
P. c. Wilson, ET 2 USN, NRDL 
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W. Wilkerson, Sgt USA, TU-13 v . 

2b I. Lipmovich, RRDL 
K. F. Sinclair, RRDL 

8. Radiological surveys and Fallout motogrephy 

R.C!.Barry,NRDL -Group Leader 
H. Lee, RRDL 
W.L..Baunin&FA-YAG39 . 
N. H. DeHoff, FA - YAG 39 
D. 0. Penton, SE - YAG 39 
M. L. Hovey, SN - YAG 40 
L M. h%iss~baum, SK - YAG 4.0 
G. A. Tulley, SN - Y93 40 

9. Personnel ProtecL*ion 

A. L. Baietti, NRDL - Group Leader and Radiological Safety Adviser 
to Project Officer 

A. L. Smith, NRDL 
R. L. Hoover, NRDL 
W. G. Neall, NRDL 
F. A. Devlin, NRDL 
A. R. Nice, LTJG (XX) USER, NRDL 
G. C. Bell, LCDR USN 
J. Beland, LT USN 
J. D. Rus&ll, ET 1USM 
w. 14. Stickmy, Jr., ATC USN 
L. E. Ernst, BM 1 USR - YAG 39 
J. B. Ekdl, SA US3 - YAG 39 
H. R. Kec?mrp Jr., SA USN - YAG 39 
D. G. 20x, FA USN - YAG 39 
w. I. Van& SA USN - YAG 39 
H. N. StOlOA, RM 1 USN - YAG 40 
J. L. Simms,SAUSN -YAG40 
W. E. BoAetti, SM USN - YAG 40 
C. E. Schmscher, SN USN - YAG 40 
F. D. Woolard, SN USN‘- YAG 40 

Other Credits 
Event predictions and ship location charts were prepared by 

E. A. Schuert, NRDL, with the assistance of T. A. Shirasawa, RRDL. The 
Tramit Blue Book (Preparation of Operations PI&n) was written by 
F. J. Goshe, XRDL, froze material compiled by W. E. Strope, NRDL, md 
W. 3. AZ% troag, Buships. All docurcentasy photography VW coordinated 
by F. W. Heilmui, Jr., NRDL. The coordination of recorded g-mm in.truxnt 
requirements md the redUCtiOAS of these data were the work of 
H. R. Rinnert, @BDL. The PrelMnary Report of the Operation was pre- 
pared by C. PC Ksmti, NRDL, and H. R. Rimert. 

Appreciation is due Frames F. Brady, EZDL, and Ichiro BQyashf, RRDL, 
for their paiust&ing care irr d.rawi.ng the many diagrams used in the 
final. report. 
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1.1 I3Acmmm 

Studies hi,, tzerfi mde at U. S. Fkwal Racliologfcal kfenae 
Laboratory (HIDL) concerning ships contmin&ed by uademater atox& 
detonation6 6t 6ea; r&io~ogicdL ho66rds froz &WbF d&m&ion6 on 
both ships and chore installation6 ; and the contaminating effcct6 of 
rrtomic &toaations on rrirctit porrkd on the night dec%~ of cmftrs. 
Canclur~ions frw them studies were tentative, bec6use of uncertaintiee 
i.a tte basic data, moat of wtictvcre based on eltber laboratory 
Z'T36UltS OF theOFetiCti txtspotition6 f- the iZ&equtatC X&X%SEWe5Z?at6 
Of thC Wer fX?$t at @etratiOn Cromroad6. ikWWt?F, thC?B!? 6kdie6 had 

lndicatid, even at diet6nces well beyond tb6e where mrioua @y~#ieal 
claxqp to 6tipo rind lnstallrtlons co-Lip OCCUT, a m3iolo&~LL hmard 
sufficient3.y sevt?m to w-t fuX-scale testint$ 

Eabomtory teets and ship trials, using 6ir&.ants, had Indicated 
that a semi-automtic washdovn of the ship's weather aurfocea was a 
rapid cad effestive rseans of reduCirq thz mdi.latlon hazard to pmsormeL 
during and after a coctaminating attack. To eve.&a~~ the we&&im 
ptfox-muce in tirm of rehcticm in radltrtfon dosa,w durinbf an a&u61 
f&lout event required a full-scale test. A&o, uuct a test ~66 rmded 
to eupplexmt calculation whfch frrdlcated subot6ntial reduztfons in 
radiation doaw below decks from radioactivity deFo6ited on weather 
eurfacea and from airborne s.Ctivity duriw the Tallout. 

Data on the eutry of airborne radioaCtive rrseteriah throu& ventiJ.a- 
tion 6nd boiler air systms vcse aoeded to cv&W&e thz hazard froBl 
hntzrior contarminatio~ md to es%6blLstthe req~irezents for counter- 
measures* Field testin& of existin@ 6nd proposed decontmln6tPon 
l&&Rods w&s required to deternine their pex%'ormmre in nicimizirq the 
lon&-tern hazard on shipboard. FimlPy, since coDtaEli6ation of 
aircraft on flight decks prevent6 use of undmqed planes after a 
contmlnating attrrck, a full-scale test of the effectiveness of tihe 
us&m 6yWm 6~~3 of decontminztion methods on ai?rraft was needed. 
Prcject 6.4, Operation C!ahler wm desimed to met these mee-do. 

The 'genrd objective of ?roject 6.4 trsza to proof-test exfstirr& 
and pi-oposed radi~lo&ZJ_ coun+~rm%3sures for naval ships fmd aircraft 
.hot in flight an?d to obts;lc basic kuowledgt of the radiological sftu- 
ation on ships md aircrxft for fwthsr &unterEasWea develojment- 
Thi6 project afso pFov!.dttd o,%ratiOrra5 Support for Froject 6.5, Which 
ObUimd iufom%.tion ~elttted to raZi010gical contamination aud counter- 
mauren for &m-e tax-gets. 
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The genart*bP objective of Pr0jedA.b was dfviQ??d into nitBe apecffic 
prablezm: (1) evslustfm of m&dam caurA0macPure a0 shbp0; 
(2 determlwtfon of 6Meldlng effeetivekxees of a’uigti’ structures; 
(3 j &hwmMt!.oxn of tm2tical sued indwtrfal r~laPagic~ recavary 
pme&ums of fddps: \ '4) &ter~tian of titerfor ship ccmtmiuation 
and the 0uit;r'bility Of Vf?Iltihd.iOZb gPOt=ti.W3 deViCt%; (5) St* Of 

sirb~me eantmimtion and sir rmnitorfng pIyster.im; (6) study of aircraft 
contssnin&ian 0~3 deccntminatian, with md without wmhdam caurtter- 
0!mmure; (7) provimxl far the Ft~OrdiIlg of gt?0?x0 rsdi0tion intensity Vb 
timz ad reduction of t& dst.0 obtz&ned; (8) pracurment of re~Iialogfc~ 
0urvey d0t0 md f0lSout phatogrspW; snd (9) pravisi.ap of mdiolo@xkl 
fmfety ccrstrol G7zd emutim of existky mdiologie~ asfety proceduree 
and d&lees. 

TO scc~lfeb the obJectWe of &agect 6.4, two 
guided in rehtfvely cPoea cqmny by remote control 
regians of four nucW&r detami.t1oxl& 

teet vear0cl.s were 
through the fallout 

The veseelrp were the Liberty Ship0 YAG 39 ml YAG 40. !lbe Y&3 39 
wm fbUyequf~).~d withamdxbwneyatma; the Y.AO1;ohsdnam. Strut- 
turaS Bodlficertions included the 1est0lS0ti0n of a I3ectlon of wood 
flight deck farwud an bath shfpa md a deck hause fonrrm,of the 
superatxucture to house equipment for ventl?atfan etudies. Both tthiper 
were equipped with sutoeratic controls far speed ezzd steering. The ahips' 
propulsion mchirzry ws0 timed to shut dovn suto~ticslly 0t my tixe 
up to 24 hr gLfter eettim the t!~~ at debmkatfon. Opamtioa of t&z 
apsahdm 0yst.m of the YM 39 WJZI 0mmpSiahed<by mdfa lw. 

Mtm emh shot, bqth ehfps were retrieved by tugs @nd toved 
umxmmd to Eniwetok man 0ud maored. &re the ssrmr\les gnR reearded 
d&a were recovemd; deeontsmimtion studies were x&e; wnitoring 0nd 
e00euti0S. decant0k&mtlan vtre 0ocampliahed in prepsretion Ear partici- 
pasitlcn in the next shot. Devistians from this planned procedure arc? 
dctpliled in a sub0equent oection. 

1.4 OFUX?SUTSO~ 

PXWJ~C~ 664 wm a Joint Bmigs-mL'effort. The orgzmitatian chmt 
in Ftgure 1.1 ehawa the principsl bfSSets md Ossigmentsc The connected 
cram mmbm?d 1 through 9 indicate the problems into which the project 
ob,jecttve me divided end the 

1.5 oI?mATSi)m 

Project 6.4 psrticipeted 

individu& in charge of the -mrk an them. 

in Shot0 1, 2, 4, and 5. shot lwss a 
lazed-sur?0oe shot; Shots 2, 4, snd 5 were water surface shots. Par the 
ftr0t two shottt. bcal shipa were unmmed md were cantrallc9 frm 0 
WV-5 srircmft, with 0 aecandsry control party ststianed 0bas.s-d the 
lfss S3ASROSm (WE-us). Experience from these tests indicated that 
mmning the YAG 39 wcu bath de0lrr;tbS.e s& fezmible. The Y&z 39waf3 
xcamed during Shots 4 and 5 by 8 special party who received instructions 
(~6 ta the caursc frcm the aecandmy cantral party an the BAIROKO, either 
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Flgue 1.1 Or~lzatlon chart for Pz-iect 6.4. 

. 

to be m?t. &zst, it w&s consider&d desirable to accuai.ate en emuat 
of activity on deck of the unprotected ahip that mounted to a peak doac 
rats ~3' between 300 to 1030 r/h when extrapolated beck to 1 ti. Poal- 
tioniqg of the ships to obtain these leveti depended oil the wind etruc- 
ture, which ~ener&ly changed conaiderabby between successive soundings 
conducted at 34~ lntirvtie. Second, for optimum performme of the 
waihdown eyetezz, a courm he@ding @neraUy into the surface winds va.e 
neceseary. TMrd, the ships b&I?. to keep beyond &the P-ppri air-b-t' 
overpresaum we ert the shot time. Fourth, durizq th$ IX?azamedm, 
Tdc Group 7.3 tmieted thsrt tie coume not ‘be directed toww-d tray of 
the ielmds of the atoll. 

Cs.xzs ietensi+uSr-Ume data from a station on. YPUI- k0 vere telemetered 
during cash run, either to t& aircraft during umsrmed ruas or to Y&G 39 

a during mimed m-xii. !L%ts inform&ion assisted sontrol parties In deter- 
udsing ccxarbe c~z?agcs durim the mn. Recoraes frm thiB nf;Rtion lotmated 
0~1 HO. 4 hatch are &sown In Figwe 1.2. 
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The range of pc& dosu - rates m&Led to have EAS high contmiusrticn 
levele as possible without jeopardizing decontw&.nation operation between 
shots ie indkated by the decay I.im?s, in Fie;~ss X.2. 

Few uscfpil remits wem obtained frozt Shot 1. While the ships 
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TIME AFTER BURST i HR ) 

Fiy@@r&?4;.2 Gmm dose rates from telemtered station on 
. 

operated successfully, the course chosen resultid in very low levels of 
contamination. Althosh Shot 2 ;;ave verl~.~%ble data for most of the 
problem, the test was not cozplete~y succe69fil., because of imdvertent 
fcpj_l~re of the control E,ySt.%% Of’ t!%? test E;hipS. As 9 restit, l% 39 
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and YAG 40 did aot follow the sezxe courise; henee, the fallout events 
were different for t';rtt tx0 5hip4. Peak dose z-ate on YAG 40 was within 
the range of defd.red ZeveLra. Operations for Shot 4 were successful; 
both ships traversed the fmm course, withih aixmt 2,030 yd of each other. 

,. Although peak dose rates OD YAG 40 were soxmwhat lower than desired, they 
were high enough to give useful data. Operations for Shot 5 were coa- 
pletely successful. Spacixq between the vessels varied somewhat mre 
than during Shot 4 but was generaLly within 3,ooO yd. Peak dose rates on 
YAG 40 were withih the deoiped rage. 

. 

1.5.2 shot 1 Operations. T& course for Shot 1 was selected on the 
basis of forecast winds, particularly at the lower levels. These were 
generally easterly w%thmshear imard westerlies with increasing height. 
A chsnge toward'mre-westerly winds before shot W&e made the possibility 
of a succetPeful. rua on the west side of the atoll dubious; however8 there 
was insufficient time to change the ships' ktitial position. Planned and 
actual Y&3 tracks are shown in Figure 1.3, together with forecast and 
actual directions of the winds. Wtidhodographs, as plotted, represent 
a line on the surface along which particles falXng at 10,8(x) ft/hr muid 

_-s-e 

------X Pfonncd Co 

Figure 1.3 Ship's course - Shot 1. 

land starting fron the indicated heights above ground zero. Particles 
falling at other rates, fmnn a given height, lie alo% radial lines 
dram from ground zero through the given elevation on the hodogreph. 
From FP@lre X.3, it ia ap~arert tbbt the fallout pcmm?LI lic(P aknost 
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Figure 1.4 Ship's course - Shot 2. 

c 

entirely to the east of the shot point rurd Esi.xaly t0 the South Of the 

hodogmp8. 

1.5.3 Shot 2 Qxrations. As the result of Shot 1 fallout data, the 
course for shot 2 was selected on the basis of forecast tinds at leveia 
in thr;: vicinity of 30,um ft. The act-1 tracks of the ships, together 
w%th forecaot mx3. observedl directioas of the win&s, are shcmx in 

; ,' Figure 1.4. The proposed course wa8 6o"; but beceuse of an op2rstor1s 
,.. ! error which occurred prior to &barking, it was Impossible to turn YAG 40. 
I: It was d+xicl.cd to keep the YAG 39 with the Y&G 4-O; but this attempt 9. 

‘, F failer%, because of a m&?unction of radio-control apparatus which coil- 4 .,"< I 
A verted a sped c-e to a shutdown signal on YAG 39. Experience on this 

and the previous test indimted that 8 succeesful run, with ships operating 
a43 close together as possible, wouL& be difficult to txhieve with prizzy * 
control aboati ._ 
test -indica,ted 

\ 
: .: 

the aircrtit. Domge timz histories obttrined from this 
that the Y&G 39 coulii be safely manned, even for a much 

@ 
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1.5.4 Shot 4 opcratioas. Qperatioas were conducted to the east of 
the e???lmh a course tomud tk ehot taint kmm3ictel.v after H plour 
TV m inftid position for %Gt 4. Instead of wicg ~O,om-ftwiad data 
to select a. CO'JTSB for Shot k, the f~llccwi.ng pacedure wzm used. Shot- 
tim digtaiwe vas selected m tke bmio of blast oveqn+esms?e aad the 
bearing, on a.%? basis of forecF%stw~f3 and wixld ixmd*s. The wind8 
were u&%d to eot~mate tk? aCxto,r iL wia!$ fanout fro23 elemtfcms ccrres- 
ponditg to the lowed fart of the mushroo.x.xwould occur. Within this 
sector arrival tiax3 for pzwticles Of WAriOu3 f;izea fr*lling PrOZi tb?Se 

elevations were ecstiazated. As nearly w practicable, s ma ~83 then 

- YAG 4OTr 

FQure 1.5 Ship's course a Shot 4, 
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kad been received, a course change tmard the soui;hercst WM instituted 
ataboutk P fikr. This course was intended to -Lnter~ept sane possible 

h&e fallout at about 8 hr. 

Figure 1.6 Ship's course -,Skot 5 

L5.5 Shot 5 Operations. Operations for this test were similar to 
tkose for Shot 4. Ships' courses and shot-l3.m wind pattern are skown 
in Figure ~6. 
1.6 

Tke Reavy line skown on the cause of ike YAG 40, Figures 1.4, 1.5 
1.6, givers the best estlrnate of the skips' location during fallout. 
legehd gives the time of start of fallout (accumlation of first 
nrr measured 3 ft above the deck) and ito end as estimated from a 

decay-corrected plot of masthead intensity tim reccrdiags. 
Tke periods skown are the total t&es of the principal fallouts. 

During these periods the recorded intensity-time curves frm both skips 
W&XI corrected for decay show frregdisr kncreases fn intensity. Tkese 
irregularities indicate that the fallout oh the skips ves neither 
continuous ncr of uniform ivatcnsity zi?d may &we ceased several times 
during the period6 given, Air sapling remlto aboard skip indicated 
simi3.~~ irregularities. 

c 

i 

* 
1 

. 4 

c 

1.6.1 (;rO(3S WSCd.>t.Iart. of Fdhd'c Abocyd !ZkJ:ns. Linitid observa- _-ii-- 
tions fro= a helicoptir ;a.=%? f'alloutxd from tke deck of YAG 39 

4.4 
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aurixlg Sbst 4 farl~out tb8 W@ll i3.s frmn* dsrti frw f&$-J&& phOtO- 
mphy md sir smrqling indfcat2 t&t the faxmut k-s not via~bh m LB 
mist or fog Rnd that it had 8 very .kW ps%icle conrce&r&io& 

In siotr, 4 ad 5, no via%ble deposits of 1~~teri81I w-m-c fomd 03 tbp, 
test ships; in Shot 2, the aircraft on YAG kI cried ux~ven pz&ht?rr of 
81 c&l.@ mbst,a,z.ck on it6 wiz&mrd surfaces. 'Xhis cUy eubatauce was 
sssociaixy3 with the hQhcst intmsfties found in the poet-ohot eircraft 
survey & ws mad1l.y removed by non-destructive Oecontmination methods. 

1.6.2 Haximm AccumuI&ed Doeqqe. Ace-ted dose for tWa up 
t6 50 hr is greaented in Figure 1.7 fox! the YACk, Shot 5, when atax- 
intensities &TO encountered 6&oard the test sfr&~. _ 
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Figure 1.7 Acmmlated dosage for YAG 39 and I!& 40 after 
Shot 5. 
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!Fhe sf~ifieance of these domge figureIp in terns of g;,wdical effects 
wUJ_ not be discussed in this report. TkIeyareyreaenti siqgyto ahow 
that 8 sti&ficant guma radiation hazard existed and that protection fer 
pereanml is regxlred. 

The YAG 4.0 tedeetir& station d&a are representative of the average 
of dose data from the various; topside weather areaa; the wheelhouse station . 

data are given to shuw the amxmulated done at an importit duty station 
ix a light&y shielded &rear. Similar curve~~ for UG 39 (adjusted for 
fallout dlfferenceo due to the aepmztion of the courses of the Cm shipa) 
are presented for direct conrparlso~. The area surrounding 4Ae telembred 9 
8tGtion on YAG 39 was the m& poorly washed on the ship. 

1.6.3 Decqv. &cay mxvetl were derived from Informtior received 
frog Frojeets 2.5a and 2&a. Figure 1.8 shm7s the groess gazum ionization 

1000 

Tl:dE AFTER SHOT (HR) 

Figure 1.8 Gamm ionization decay curve, Operation Castle, 
based on informtiorr from Projects 2.5a and 2.6a. 
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Dlec~slore of the nine problems into wb9,ch the objective of 
project 6.4 was divided co~~titutee the submqwmt clv@ems of t.hh 
report. Each Individual rerqonrsible for the vork on a particukr pro- 
blem (See Figure 1.1) $aier written his chapter as a cozpleti report. 
At the beginning of each chapter, ita salient feW.we~) am a& forth fn 
an abstract. T” bulk of rw data io rnnst cases prevented it@ fmfkwlon 
In the report. Selected &&a and e-fes am presmated &me qpii- 
cable md coq&te field data arc oo file at BREL. 

1.7.1 LLtitatiorm of tke Repot. T@ ral1out region of tiUt&ry 
Interest is defined as t&t EIRB tiyond Wmbil1zin.g chock range:: them 
incapacitating or aerioue radiation hamrds esirt. me ehtpa’ tmm?I. 
through thie region represante only 0 fG?&ll fraCA’,on of the eor1WmM 
area of tilita.~.-~ interest, a~3 data from these tiN,.s me d~kxxtl.y 
qqlicabie only to the uszlque eel o?? co~itmm~ exintizg alsag rk ahlpe( 
line of trovei. Zxtrapolntion of teet remltfs to 0th~ cmdltims or 
contminating events and deW.fled application tc catitBL?ilt ship r;it:m- 
tioaa muat mmit further study and correlatlcn wlxb d~tu frm otkr 
projecte, other weapon tests, and laboratory vork. 
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radf%tion fbcld wt e~aed locertior! by the tisz the fallout mded. 
SubsequeAhr washlAg for 2 br incre~d only these reductlonrJ to 89 to 95 
percent for dose FL& 93 to 97 pa-cent 5-x do3e rate. The tramit do- 
was 3stiLwJted to iam Ea.inor ~lgrifl*icmce on ml Lxiapra~c~d ship for tfrie; 
type of event. The wash&m effeetfvencss waf3 found to advereely 
i~flumzd by poordrainage, 1~ fl,m m&3, &i by lmk of !xmet~ering 
when the wl~dwm abearm. 

The vaahdow~ cou&enne~ure had a high effectivenss &gaSnat fallout 
of the type encountered during; theoe tmt~, b& it should aloo be field 
tested far effectivemzss a,&nst other type8 of contminatlng evmt.3, 
such as base swgee. The poersibility that washdown my cause sigAifics& 
ltm?ear;es in radiation fields frcm high-capacity bOiler systo:ins m-rit.6 
iavectigstion. 

Laboratory tests snd ship triale (References 1, 2, 3) using skidints, 
have ixxdicated th& a semi-cwtom.tic wasbdown of the ship's weather 
eurfaces is 01. rapid arxI effective IIEWXX cf reducing the radiation hazard 
to persona?el durPng and after a coAt.mirarptiAg at"mk. 

During a COAt%BiA&tiAg euent, several sources contribute to the 
gamma radiation intensity leve.. 1 at zmy particular location aboard ship. 
me3e sOurCe9 are the COAtaatiASAt: (1) actually OA the westher curfazes; 
(2) in the air envelope surrou&iAg the chip; (3) dispersed in the water 
envelop surromding the ship; and (4) passing through or settling out 
in the ventilation a&t boiler air systems. The relative contributions 
to th3 ooerall interxC.-Q level at my poSnt will dppand upon the 
st,reAgth of the individml murceo and the attenuation afforded by 
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Figure 2.1 
cauff'1t 3.n w 

t2 fs 
TIME AFTER DETDKATlO,:i (NO SCALE) 

E,~otheiical gw doge rates on deck of ship 
raaoactive fallout fron a nuclear Veapon. 

of the washdown effectiveness with resgect to the total. whale-body @LEE+ 
radiation dose already received by pa-some1 at the given 3.ocstiox.L 

Use of the percentage reduction in doGe rate as a rrzxzsw of wasMow’n 

effectiveness r-esXLt.s in somwh~t different inteqxelations at variou? 
ttis. After the end of washdown ard of fallout (i.e., later thw t3# 
Fim 2.f), the rCLl0 of dose ret-es is ec&L%.l to tl?e ratio of doaaes yet 
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to be ttmmula@d, if it is: ansmd that the decay Is umff’ected by the 
wasMmm; therefoe, the efiecLiveca6 bmed upo% dose rate is eq&l to 
the effectiveness with respect to future @mm radiation dose ~X~TWXA 
at that location. After the end of fallout (i.e., later than t2), the 
ratio of dose rates approxi~~tee the ratio of &zounts of contaninaut on 
the ship's weather aurf6cea; therefore, during thica period the effective- 
mess b3sed up03 dose rates is a 11~6.sux-e of effectiveness with respect to 
physica.I. res!mvaL of eonWts fros the veattzcr surfaces szd permits 
correlation with prior tests in which simiLants had been used. During 
the fo3.LzIut (Le .) prior to *)P no special intcrptetation exists, the 
effectiveness with repspect to dose rates siqly i6 a measure of the 
a~resoion of raiiicatfon field8 set up by a.~,, a& GLU. sources of gama 
radiation. 

!Po have a basis for evaluation of * tihe washdm effect, t%tio 5hips 
with shilnr coru"iguamtions and surfaces, one protect@9 by 888 installed 
washdom systm, vere instmnted alike and sent through the conminating 
event as close together as possible. Thebinitial assumption of equal 
fallout on the %XQ 8hipr was investigated by means of instrumntation 
atop the f’oz-wrcl kinmost on each ship (see Appem3i.x A for details). 
Determination of effectivemss required th%t the tvo nhips have equal dose 
rate&% and equalaccumlated doGe8 at any given tize, assu~~ingthatneitber 
ship hsd hen washed. I&me thio recquSzement %XW not r&t, da*& were 
adju8ted to account for the differences. 

‘i&e problem of evaluating vashdoun sountemessurcs on shigs caught 
in a radioactive cm't-milmting event like thst encountered at Operation 
Castle was divided into four subordinate tasks. Z&se were: (1) investi- 
gatioa of the relative magnitude of radioactive fallout oh the two test 
ships; (2) decernination of the gamma radiation dose rates and integrated 
doses at different times for compmable locations abcprd the test ship6; 
(3) utilizatio;l of this iufomaU.on to determine the effectiveness of the 
w'ashd~m systeur ti terms of the reduction of the integrated games radisr- 
tion dose6 a& the reduction of the gaze mdiation fields at various 
t-8 after detonation and at locations simulating co,nfigurations and 
surfaces typic&l of cmbatant ships; and (4) determination of the tiiflu- 
ence of the distribution of the washdown water, the relative speed and 
directfox of the Wind, and the maneuvers of the test ship8 upon the 
waehdoii effectiveness. 

Details of the washdom and draiusge system are given in this 
Bectim, together with the location of the stations for recording @mm 
intenriity-time data. ho description of the comtruction aud circuitry 
of the gsmza Betmtors and recoz,?ing system is ;fiven, since this 
mteriti is covered in Cl'hapter 8. 

Three 1003-sn puqs took sea-water suction 
at a Eh or ajqroM.mtel.y 20 ft below the waterline a.M fed a n@lin 
piping loq located on the nain &xk. tiEWAler pipes extended frm this 
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2.3.2 ~2-d~ sptim. The flight deck, boat deck, am3 ef”ter 
part of tkie tap ol‘tlxt LrQusewere eaceheurrowd&~&~i~tm* 

designed to catch all surface runoff, which was gravity feb to ~ivQ3ml 
EWUW~~ 5y&c~~s located in the holds. Theae nystom co3&.st& of 
otre;f.hers and disc-type electri-cmtactwater biters which f&tsQ;er into 
vented float chmbere, which in turn were dra%xxed by centriftqqzl pas. 
Tke float in the cha&er actuated a proportiontig valve, ~&ich pzmftted 
the gu,ug Lo tak& aea auction to the extent that it was u.zxler eom+at 
loa& tithout affecti- tkz gravity fcca of clrainage water tx3 t&2 riwkeb. 
The schemM.c em-ahgezent ia shorn in Figme 2.5. 

2.3.3 %XOl=&iikf.j (%SlZi REkd!&iti0Zl kk3Cta~ !%f.k~0~3. u @S?zSiZ- 

ra&iation detmtor atdiane were 6W.e to rn=uW in-CZEity le-fel.3 ra.ngi.ag 

betveen 15,mr/hr and 360 r/hr. 6~2x2 stations could. detect titenoities as 
lov as 0.15 ner/kr; others coU.5 detect intensities &B h%~h as $&CO ~!hr. 

Tke f&mm31 losatione of tke variou3 detictor sfstiems for wz&dowh 
ev~3.mtioa &re in&lca%ed in Figmer; 2.6 zmd 2.7. All weetker&Ie detector 
stations a& tkeir associated ~WeldinS vcre covered with plastic or 
alumina &mes extetiihg TV the 6udkca on which they were locat&. The 
d~s~sninte~~h~sys~~fns~~8iao~~F totiimizethe 
uudesired buildup of con -t on theiz'aurfaoer3. FlcYu rateD #@I-e of 
the or&r of 6 ggn wr dome. On the Y4.G 40, this domzam.&~~terms 
caught in trou&s, inataUe&mxaxzdthebaaes of the dozmx,snd led 
overboard by interior &-ainage systms. This was dam to prevent the 
water from disturbin@, the contmimnt on the ship's kreatker mrfacea. 
On tke 'LAG 39, the Barn wh titer wan alloyed to run off on the dieck~, 
because the flow rate was negligible cw& to that of the abip's 
vaskdown r;ystea on my area. 

Station in the firerocmwere emlose& Pir copper jackets which h& 
cooUng water: coils inQtam?d to keep t&? teqcratm beloW the potit 

: at orhich dmge to detectors am3 their circuits would o&r. 
Station 10, on top of the forward kizggost of each ship, was 

enclosed in a 2-in.-Wick lead cylis.&er open only at tha top. The 
mdjncart ScAtion 9 m each kizgpos-t was uaahLel&ed. 

Stations 45 md 46, on top of the home, were shielded ~TOEI IWU.ZL- 
tion origfnating at the stack ah5 the forward part of the top 
of the house by lead 2 in. thick, 

53. 



_. 
’ 

K
. 

. . . __ . 

i 
- 

. 
.f 

., 
. . . 



\ _. 

: 
. 9 

/ 

..; i. 

: 
!, . 

.: 

__._ _ .____._ ..>___..W,-.*.-.~. UYS,.‘.‘..._ ___. 

Figure 2.3 FLusMecknozele. 

Figure 2.4 Spray nozzle. 
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Figure 2.5 Schematic drain-meter installation. 

Figcre 2.5 General location 3f detector stations. 
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staions 55 ti 56, which were addacent to the fireroom ca6irg on 
the second deck, were 6hielded from thz boiler6 by e&tee1 3 in. thick 
which si.r!%zated 6n armored deck, 

Station 59, close to the 6t6rbo6rd boiler 8nd in tne fir&& aisle, 
wa8 rshislded from the port boiler ia& fmn overheti by 2 in. of Pea&. 
A&iacent Station 58 wf3s w.u3hieldeL 

Station @+ we6 located in the recorder room, which wa8 shielded 
from the weather 6urface6 by E-in. thick ccncrete W several deck 
thicknegleses of &eel. Szati~n @+ w&a equipped with a dome -6hing 
eyetern 16UK!.ar to those on weathetr6ide station6 but had an interenittent 
wahing action controiled by a t *imer to permit deter&nation of rtifation 
contribution from the dome va6h water. 

with re%f exceptions, the ge~trical centere of the WxLsitive 
~01~6 of th= Eiat%on detectors pertinent to thi;a chapter %!ere 3 ft 
above the 6urfaeee on which they were losated. Station6 9 and Xl were 
(B8 close to the aaetbead 6urface a6 w6.8 practical, S3ation6 55 and 56 
t9em &me 1 ft above the eeeond deck, and station 28 tp(t~ abat 6 ft 
above the bottana Of lo. 2 hold. 

2.3.4 Recording Bind-Velocity Indicator. A st6ndard E&v61 wind 
direction-and-inten6%ty indicating system wm installed on the second 
ld.ngp0s-t of each &lip. The as6oc%ated recordinS unit was placed in the 
between-dktck recorder area of Eio. 3 hold. 

The do= we& system and the recordera for watxr flew, wind w&i- 
tfea, end m radiatfon were readied end set into operation several 
hour8 before detonation of the nuclear wea2cn. This va6 acczxqlished 
by the personnel of the lnetm=nt and Interior Contilpination groupe9 
who cooperated to keep the npecP,aS. test crew to a minimum. Crow Ember6 
of the I%G 39 readied the wa&tdocan system and started the puq8 prior 
to detonatfou time. The water ~66 puqed over the sWde until the tele- 
metering Nation indicated that the test ships were entering the radio- 
active-f&Lout area, et which time the water wa6 ftid to the washdown 
ra)rZ%tMf&. The wa&hdo3n continued for several houra pest the t* of 
estimated ces6ation of fallout as indicated by the telemetering stsrtion. 

After the test ships had returned to their anchorage 6nd as soon 
as r&%&ion safety permitted, the personnel of the fnstrument Group 
retrieved tne records, and reloaded and restarted the radiation recorder6 
to provide 8 continuous hietory of the gemma radiation aboard the test 
chips; Reduction of the recorded data was begun immediately. A6 soon 
as condktione permitted, the instrumentation and wa&down system were 
readied for participation in the foflowirq shot, 

Although the test 6hips participated in four ahot6, only Shot6 4 and 
5 yielded significant washdrxn-effectiveness data 

During Shot 1, the two 6higo were barely contiinated. The chips 
were widely 5e~aPratad &t.?rie~ k?Lmt 2 ad. received radically different 
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amounts of fallout; 
liminery est%tea, 

conseqiiently, no direct co~~srison could be made. Pre- 
based upon insufficient data, gtr~e a washion effective- 

ness with respect to dose rate of about 70 percent for Shot 1 md of greeter 
than g0 $erCeAt for Shot 2. Lack of confidence in the data discouraged 
spending more tLme on evsluating Wa shdoxn effectivmess for Shots 1 and 2. 

2.5.1 Relative Mgnitude of Fallout on the Test Ships. In the initial 
planni&g of the test, it was assumed t&t the two test ships would receive 
similar fallout because of the size of the contaminating event and the proxi- 
mity of the ships. During test operations, it wss realized that the two 
ships could not operate as close together as planned and some of the dose 
rate data from the icingpost stations indicated the probability of different 
amounts of fallow.: having been received on tht! two ships. The kingnost 
stations had been set up originally to estimat, - the rtiiological effects 
from the contaminants in the air envelope surrounding the ship. Data frcm 
these kingpost stations were found to serve for estimating differences in 
fallout by the technique described in Appendix A. 

It was estimted that the two ships received sinilar mmunts of 
fallout for Shot 4. 

For Shot 5, the estimates for the effects of dissimilar fallout are 
presented in Figure 2.6. 

Since the two ships were some distame apart, there were differences 

2.4 . 

1.6 

1.4 

1.2 

1.0 d 

2 4 6 8 IO 12 14 16 16 20 22 24 26 

TIME AFTER SHOT 5 (HR) 

Figure 2.8 Rstimated YAG 39/YAG 40 ratio c,? fallout 
effects as a function of time after Shot ), based 
on shielded masthead stations. 

in the rates and times of arrival of fallout. Because dose is cumulative 
and dose rate is instantaneous, the ratios of fallout effect based upon 
dose and those based upon dose rate were not identical at any given time. 

The dose and dose rate data of YAG 39 were divided by the pertinent 
ratios in Figxe 2.8 to adjust the data to the point where the two ohl~s 
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could be considered to have received similar fallout. The unadjusted 
data for YAG 39 are tabulated in Appendix A. 

2.5.2 Periods of Fallout and Estimte of Transit Dose. Fiwre 2.9 
shows the d&a from S& masthead station that uere mainiy s.ffected by the 
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Figure 2.9 Shielded staidon dose rr-',ss, with deck contri- 
butions subtracted and corrected for decay usj.ng 3 hr 
after shot as base time. 
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contaninant on the station dome and in the air envelope. These data were 
corrected for decay, using the decay curve in Figure 1.8, and were also 
corrected for the contributions from the deck areas. Ho sdjustaent for 
differences in fallout was made in this case. Figure 2.9 is useful for 
estimting periods of fallout on the two ships. 

me start of fallout (not deducible from this figure), occurred at 
&pproxwtely 0.85 hr after shot tine for both Shots 4 and 5- 

During Shot 4, the figwe indicates several distinct periods of 
fallout, the last of which ends 3 hr after shot time. The mguitudes 
of the peaks on the YAG 40 curve are F;I doubt, but the fact that the 
peaks occurred is undisprd;ed. Because the masthe& station domes were 
washed only on GAG 39, a direct comparisou of magnitude of fallout 
effects is @practical. Eote the effect of rain which occurred at 
approximately 5.5 hr after Shot 4. Because tiie rain removed contsminent 
from the surfaces of the two ships, the presentation of d8ta and effective 
ness for Shot 4 has been limited to the first 5 hr after burst. 

Inuring Shot 5, the n@&head statiogle did receive BitiW &om-wash. 
treatment; therefore, the differences observed in Figure 2.9 should be 
due to dLfferences in fallout. Apparently, the w&gnitudes and durations 
of fallout differ on the two ships. The est%mated end of fsllout on 
U6 40 was at 12 hr after shot time, whereas the fallout appea..s to hwe 
corntimed for som? time after this on Y'AG 39. Bcmmse the waehdown was 
turned of-f at approximately I.J. hr after shot time, i.e., before the 
estimt& end of fallout, the presentation of data and effectiveness has 
been X&ted to the first ll or 12 ti'after burst for Shot 5. 

Figure 2.9 has another feature which may be of intereot. Pxrokiq 
at the YAG 40 curve of Shot 5 8s an exmple, it ghoul& be note& *that 

-_ 

the ordinates of the shaded srea represent mizimz cst&o+as of the &cay- 
corrected dose-rate contribution of the conUmimmt in the air envelq 
at the station. Lack of time and lack of knowledge of the sh%qe of the 
curve of con taminant buildup on the masthead dome prior to end of fallout 
prevents rigorous estlmartion of the "transit dose," i.e., the dose'due to 
ccntaminanto in the air envelope. A cru& estirmte may be obtained by 
pttiog decay back into the ordinates of the s*bsdeC: area and performing 
a nmerical integration. For what they are worth, the crude results were 
doses at least greater than 0.8 r at 3 hr after Shot 4 on BIG 39 and 
doses greater than 23 r at I.2 hr after Shot 5. I%king estismted differ- 
ences in geetry into account, these figures iead to an estimate that 
as mch as half of the dose accumlated on the weather Recks of the wash- 
down protected ship at the end of fallout my be due to the transit dose. 
Consequently, the washdown based upon reduction in gamma doses will always 
be le.ss than 100 percent, even if all coMmninants are kept froze the 
weather surfaces. Washdown effectiveness values based upon reductions in 
dose were always less than effectiveness based upon reductions in dose 
rate; colsrpare Figme 2.22 with Ffgure 2.24 and compare Figiire 2.23 with 
Ffpre 2.25. 

$" 2.5.3 Ga= Dose am3 Gema Dose Rates. The &justed dose and dose 

3L rate averages for exterior ereas are sham in Figures 2.10 through 2.13. 
Arithxsetic werages were used in all cases. The data for individual 
stations are shown in Tables A.I. tI?mugh 3.12, Ap~zndix A. A8 e&t-ly as 
10 hr afte:: burst on Shot 5, the average dose received at exposed loca- 
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Figure 2.10 Curdative g&ma dose averagee for sane 

exterior areas vs tige after Shot 4. 
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Figure 2.X Cuuuiatiye gama dose averages for some 
exterior ares YB tine after Shot 5. 
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Flgure B.l3 Camma dose rate averages for soiaz exterior 
areas vs time after Shot 5. 
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tione w&s 300 r9 which. indica+&e that daugerous radiation effects zssy be 
encountered in contami~&irg evezlts of this type. The exterior locations 
were: the flight deck area, which.sixulatid a portion of a windswept 
Gssex Class SV flight deck; the boat deck area, which simtited wooden 
* :.in decks adjacent to structure6 abomd iarge combatant 6hips; the 
foxwmd main deck aza, which simulated a contplex of steel deck including 
open area6, gun tubs, and deck hOuCe6; tbe after main deck area (Eo. 4 
batch area), which simulated steel deck in the lees of superstructures; 
and the top of house area, which similated unobstructed windswept steal 
decks. D&aiJ_ed study of data fropz Station 64 in the recorder roan 
indicated tbat the don%? waeb water did not Uffect the radiation data to 
a detectable degree. The detector stations on top of the horase were 
partially shielded and had a geomtry roughly half tbat of other statione 
on the decks; this fact preclude6 direct CO!@arisOn of dO6e and dose-rate 
data with that of other exterior areas. 

The adjusted dose aud dose-m&e averages for interior areas me 
shorn in Piwe 2.14 tbroug;h 2.21, The data for individual statioXEI 
are shown in Table6 A.13 through A-19, Ap_pendix A. !Phe interior areas 
were: the stateroom area, which simlated canpartntent6 near or adjacent 
to weather eurfaCe6; the second deck area, which s-ted coszg~ntru 
near boiler air duct6 above amored decks but fairly rek?ote from weather 
surfacee; the bOttos of Ho. 2 hold area9 which simlated c~tints 
remote froaweatber surfaces but without lnuch intervening structure; the 
recorder room area, which simulated compartments below tbe waterline, 
adjacent to the shell, and well ohielded from weather surf&es; the 
boiler firing aisle area, which sWted a firerooa lower level duty 
station between boilers; end the starboard boiler station, which measured 
the radiation contribution fro= the lower level front of the boiler 
located over the firot plenum chamber from which both boiler6 drew akr. 

2.5.4 Wa6bdom Effectiveness for EZxterior Areas. % ~m3bdown 

L effectiveness, defined 89 the percent6ge reduction in accmmlated gam& 
dose at exterior locations, i6 presented in figures 2.22 El;rd 2.23. !Che 
values range between 87 to 94 percent at tbe end of tbe fallout period, 
considering both Shot6 4 and 5. The values have only increased to a range 
beimen 89 to 95 percent as late as 2 br after end of fallout fma Shot 4. 
Figure 2.22 show6 that there are only tier izprovemnts in effectivenese 
values sfter tbe end of tbe fgLU.out that occurred at .3 hr after Shot 4. 
Figure 2.23 6bows that there are only minor improvements in effectiveness 
values later than 3 hr after Shot 5 and that these values are about the 
same as those for Shot 4, even thougb there was fallout as late as l2 br 
after Shot.5. Xt wc&d appear that, for tbi6 type of contminating event, 
a mjor benefit of the wa6bdown was tbe suppression of accunU6ted gguma 
dose during the fallout phase. 

!J!be washdown effectivenesrs deftied a6 the percentage reduction in 
ganmha dose rates at exterior location6 in presented io Figures 2.24 snd 
2.25. The values range bet&Seen 9 to g6 percent at tbe end of the fall- 
out period, co&idcrLng both SbOt6 4 and 5. The values have only incrm6ed 

pr 
to a rzmge between 93 trz Y[ percent a6 la* a6 2 br after end of fallout 

L from Shot 4. !I!& effecti-wsess baoed upon 506e r&es show6 a greater 
dependence upon the rate of .mrival of falLout than does the effectiveneoa 
ba6ed upon dose; ho%zver, tbP wa6?&X?n doe6 6uppYe66 the m&iatPon fieMs 
to a large extent, even durhng tke nx3xfrmlrrr fLLlout periods. 
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Figure 2.14 Cumulstiw gamm dose averages for soms 
intfzior areas vs c* after Bhot 4. 

l.S 2.5 1 J I 3.5 , 4 I I I 
4.5 5 

TIME AFTER SHOT 4 (HR) 

SAG 40 

0.01 RECORDER ROOM 

1.5 2 2.5 3 3.5 4 4.5 5 

TIME AFTER SHOT 4tHR) 

r’igure 2.15 Cumlotive gamm dcse 
averages for son0 irxteriur 8rea.9 

Figure 2.15 Gamm dew rate 

vs t&8 after Shot A. 
averages for scme interior 
amas vs time after Shot 4. 
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Figwe 2.18 mamma dose rate average for sosae tit+rior 
areaa vs time after Shot I;. 
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Figure 2.19 Gamma dose rate avera&e 
for sme interior areas vs time 
after Shot. 5. 
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Figure 2.20 Cumulative gaxm dose 
average for saw.3 interior mea8 
vs time after Shpt 5. 
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Figure 2.2i Cumimtlve g- dose average for some 
interior areas vs time titer Shot 5. 
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Figure 2.23 Washdown effectiveness achieved on BOIIIIZ 
exterior Eseas vs timg after Shot 5, based on 
clmllat,ive &a;nms dose. 
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Figure 2.25 Washdown effectlveneee achieved on mine 
Qxterior &row3 vs tifb+ after Shot 5, ‘baed 0X-a _pmma 
dose rate. 
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Figure 2.26 ehcms how the washdawn effectiveness varice with the 
decay-corrected dose rates, which represent the atits of contm$neznt 
ou the surface and in the air envelope, using the flight deck mea 

v 
duriug Shot 5 86 an example. 

2.5.5 Washdaxir. Effectiveness for Interior Areterts. In the recorder 
ram arid fireroo~ atstiom, the 'Lem "washdwa effeetive~ees~ tpns no 
lW&iliw. For these area8 ihe ftAle 39/YAG 40 ratios of dose @ml of dose 
rate are ~mxmuted in Figures 2.27 through 2.30. Tkesae areas arc 90 
well shielded fro3 the weather msfacee that they ax?* Kbzoetunaffec~ 
by the remval of contminan ts frorna the decks. I93.5 resulte of the radis- 
tioxx. contributions froxa the starboard boiler (Ststion 59) were mmewhat 
uRexpected. These rem3.U would tend to i&icate that the wa8hdown 
caused au increase in radiation effects fronn the boiler system during 
these tests. The magnitudes of dor%e and dose rate contributed by this' 
particular boiler system were almet negligible (see Figuree 2.14, 2.17 
a 2.19), but it m8t be pointed 0e the c0amm ship= draw very 
mch more boiler air than these test ships. 

The wm&down effectiveness values for the other interior aress are 
presented in Figure8 2.31 through 2.3b. A~migZat~apected, themore 
the amae are shielded frcm the weather 8urfmes the less is the iuflu- 
ence of removal of contamination from deck amas. Rote that the effective 
ne68 v&luea for the stateroom me8 are cvble to those of the weather 
deck areas. 

2.5.6 Sam Fwtors Influencing the Wash&m Rffectivqness. The 
wasbdowu mpply flow ratee, the dminage flow r&m3 fmm etevegl areas, 
and the relative wind velocittieo are grer;ented in F3.gu.m~ A.2 
in Appenclix A. 

%ble 2.1 shows est&ates of nominsl flow rates of water 
k exterior deck areas. 

Table 2.1 Average Iieter Flow Over Exterior Deck Arem 
--- 

Average Uater PA 

Fll&ht o.Oas 

t-i A.5 

over v~iout 

I ,. 

... 
\:, 0. The m&es 

Boat Dccll PaintedWood 0.09 Colpvlson With Blight 

Main Deck Iwd. 
Deck duriag Shot 1 

Painted Steel 0.06 Estimnte 
Top of EOUae Painted Steel 0.051 
hio Deck Aft 

DrainegeMeaeure~nt 
PalEted Steel 

(lo. 4 Hatch Area) 
. o.ob Bmtiat.42 

‘ I I 

for the flight deck and t@ of house are- were obtained from 
themeamreddraimge flowrates. The value for the boat deck wtls, 
obtained by txmparison with the flight-deck values during Shot 1, when 
namzremats frcm both areas were mailable. Tb+ mlues for the main 

_ k 
deck area6 were based upon the rmmber of nozzles in the ares8 and the 
averwe flow frost each nozzle, using the flight-deck area as a means of 
coqaring estimtes derived by this technique with values determined by 
measure@ent. 
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gamma dose rates for some interior curative jyma &se for sw+e 
areas v3 tine after Shot 4. interior areas v3 tizrie after ChOt 4. 
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!I%@ strainer in the boat-deck drainage eystea clogged up during both 
Shot5 4 a&A 5; therefore, the boat-d@ck area had to rely upon the ship's 
roll for drainage. This d.rafnage was tterimely mded by the built-up 
trough which h&d been installed to trap all water oil the boat deck for 
55m.s~eaPent. 

Cozparioon of effectiveness values for the boat-deck and flight-deck 
areas itiicate that, givea sIi.milAr water flow rates, a col&ination of 
isspeded drainage and sheltered location my adversely affect the washdown 
effectiveness. 

Comparison of the three painted steel areas (i.e., main deck forward, 
top of house, main deck aft), showe that the washdown effectiveness values 
are in the oase relstive ,>rder as are tbe e6timated water flotis rates. 
This isay or may not be coincidence, because there were 50~ differences 
in the extent to which these areas were shel%erd frana the wind by nearby 
structures. British test report5 (Reference 4) clash virtual independence 
of water curtain effectiveness with reepect to flow ratela. 

Figure 2.35 showa h;w the washdown appear8 when the relative wind is 
atwsm To observe how tbia would affect the 

/" 

rfomance of the washdown 
countermsasure~ eee Figure 2.36. !Phe YAG 39 YAG 40 ratio of dose rates 
represents the fractional gmma field encountered when this washdovn 
system is used. A comparison of these fractional field5 is mule between 
starboard md port stations on several exterior areas of the ships for 
Shot 4. With the exception of the flight deck area, result8 which Beea 
somvhat anomalous, the trend indicates that there is 10s~ of washdm 
effectiveness on that side of the ship which faces‘the wind md which has 
poorer water coverage. This points out that zigzagging, circlimg, or 
other mamuvering wh3.eh helps the distribution of water over the weather 
s~faccs, is needed for optimmh washdown effectivenee;s. Thio cotiims 
similar conclusions arrived at during prior testing using simulmts 
(Refe_33cee 1, 21, During these tests the ships did not folJ_ov sinusoi&al 
courses as originally plmued; the only xsaneuvering done wm tb.M. required 
for the ships to r&.ntain station on courses estimated to intercept 

YI significant fallout areas. 
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2.6 cumus~~~~s (. “* 

!ihe objective5 of obtaining infomation to allow valid determination f 
of washdown effectiveness have beea met. for the type(e) of co&sminating 
event6 encountered at @mation Castle. It smut be emphasized that the 
followihg conclusion5 We Wed solely upon the test resulta obtained 
from Shot5 4 end 5 and may not apply to other types of contaminating 
events. 

The greatestmerit of the washdown countermeasure was found to be the 
gxeat reduction in gaswa radiation fields and dosage during the fallout 
of radioactive con@minauts. The reduction in accumulated gmma dose at 
exposed location5 w5.a found to range between 87 to 94 percent at the end 
of the fallout period, whereas subsequent wachilag for 2 hr increased this 
reduction Only to 89 to 35 percent. The reduction in gasma dose rates at 

pz. 
exposed location5 was r0wd to range between 90 to Sg percent at the end 

iL 
of the fallout period; w? :reas subsequent wanhir,g for 2 hr iucreased this 
reduction only to 93 to 97 percent. P 

At interior locations, the contmination in the water envelope and 

~ ‘J 

/ 

. 
. 
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Figure 2.35 Washdown vith wind abesn. 
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in the salt-water-circulating and boiler-sir sy~~tezu6 were considered to be 
responsible for the observed &Crease in Wa6hdown effectiveness with 
increa6t in diaixnce Eikd 8hielding frOtri WeSbther 6IlrfaCe areas. .%#'here i6 
a probability that the wa6Mown we6 respmziiblc for aa i?crw.se ia the 
radiation contributed by the boiler; the increase wm high, but the w- 
tude of the radiation iatewitr Was negligible for thi6 part9%l8,r boiler 
system. 

The tranz%it dO6e wa13 e6timated t0 be Of &nor 6ignifiC6zxCe on a 6hfp 
not protected by washdown On e wax&down-protected ship, itww estimated 
that a6 much as half of the total doae am.mul&ed at the end of the 
fallout period may be due to the transit dose. 

Poor 
flow 

tion 
tion 

2.7 

IX?636 

!Che washdown elfectiveness was.found to be adversely influenced by 
water drainage frox weather 6urfaees, relatively low water r5upply 
rates, and lack of Ilzerneuveringwhen the windwao abeura. 
Lack of time my have prevented the full utilization of a&l inform+ 
or correlation6 derivable from the recorded data and post-shot radia- 
surverys. All data will be proceesed and filed for future screening. 

REcOMIBNDMrIOXS 

The washdown countexxG6ure ha6 been 6hOWII to have a high offective- 
again& fallout of the trpes encountered during these test6, but it _ ._ ._ 

should also be field teS&?d for effectiveness against Base surges or otner 
type6 of conta&nating event6 which may differ from fallout phenomena. 

Sose nozzle6 should be located near the sides of the ship to minimi!Se 
wind effects, any obstruotionc to drainage should be removed, and ship6 
should maneuver to help di6tribute tag wash water in order to obtain 
optizkuz wa6hdown effectiveness. 

For future testa, it may be advantageous to use OKR fa6t 6hip, with 
was*hdown protecting half of it and with teat crew6 well shielded, in6te6.d 
of two slow ships. !l!his 6hou.M result in eirapler operationl;, greater 

ability to intercept area6 of ContPimination, and insure more-nearly equal 

contamirxAing events for the protected and unprotected teat areas. 
The poseibility that washdown my cau6e a significant increase in 

radiation field6 from contaminartts in high-capacity boiler 6yste;cas n!erits 
further investigation. 



C, F. KS- ‘A. Moskin 

The shielding effectiveness of ships' etructur% for attenuating 
gamma radiations in inAterior compartmnts dubing and after a contaminating 
event is discussed. The overall.shielding factor is defined as the ratio 
of the dose rate within a eonrpartzcent to that Wauured above the weather 
deck. Three sources of radiation are comidered: deposited, airborne, 
and waterborne radioactive materials. 

Radiation was measured as a function of time in cornpartmznts below 
decks aud in the superstructure. To obtain data applicable to coqmrt- 
IEWA below armored decks of naval vessels, radiation ~leasuremnts were 
m,de iu a lmer hold underneath a l&in.-thick concrete deck and also 
between the merig and second decks underneath 24~3. end 4-in. steel plates. 
Other smsuremznts to determine the gross absorption characteristics as a 
function of time were msde on deck inside steel pipes that had wall 
thickuesses razging from l/8 in. to 4 in. 

It was found that the apparent absorption coefficient *increases 
regularly with tim? and that the shielding factor for below-deck coqart- 
ents decreases with tim and distance from the weather decks. Ful'ther- 
more, of the two ships used for the tests, the shielding factor-was 
greater for the ship that was equipped with the washdown systex~ Although 
superstructure d&a were hot so ccnsiatent, they shoued the same general 
trend. L&posited activity-ahieldihg factors for well-shielded locations 
show the greatest discrepancy between calculated and observed data. 

The results obtained apply only to the conditions of these tests 
r;). and cannot be extrapolated directly to conditions where the relative 

magnitude of the three sources of radiation are greatly different. 

3.1 OBJEXTIVE 

The objective of this atudy was to obtain data on the shielding 
effectiveness of ships' structures in attenuating gsmm radiations in 
interior compmtmznts during and after a contminating event. The study 
was intended to evaluate the shielding effectiveness of the ships' 
structures with respect to both radioactive mterisl deposited on the 
weather surfaces and airborne radioactive material during the fallout 
event. The information obtained was intended primarily for comparison 
with theoretical celeulation,s 
calculations could be applied 
or without washdowh systems. 

To attain the objective, 

to detemine with what c-&f ideme- wdch 
to various classes of naval vessels, with 

several specific tasks were underMcen. 

3.1.1 Measurements in Cozqavtments Below Eeck. Gamma-radiation 



I 

p: 
Ai 

easurements were made in 
(main deck), removed from 

several compartments below the qqger deck 
the boiler and ventilation air ducts. To 

acquire data more nearly applicable to compartments below armored decks 
in naval vessels, dose rates am3 dosages were measured not only in normal 
compartments but also beneath the I.%in. concrete slab of the instant 
recording room and beneath two steei plsteo, 2 in. an4 4 in. thick, 
mounted between the upper deck and the second,deck. 

3.1.2 Measurements in Compartments of the suprsbucture. BMW+ 
mats were xmtie in v&riouR c~tints Of' the SUpenHx-UCtUre~BLt each 
deck level. 

3.1.3 Measurements Inside Eight Steel Pipes. To obtain a gross 
measurement of the absorption isharacteristies of the radiation as a 
function of time, continuous dose-rate msasurements dere also made inside 
a ssriea of eight steel pipes, ranging from 1/S in. to 4 in. ti WEW. 
thickness, mounted on the upper decks of the two ships. 

Methods have bsen devised for computing the gamma radiation intensity 
7 at any point above or below rectangular slabs of attenuating materials, 

one surface of which is uniforvaly contaminated by radioactivity (Ref'er- 
ence 5). 
factors 1 

!Fhese methods have been used at RRDL for cowuting ths shielding 
in below-deck compartments of naval vessels, considering the 

weather decks to he uniformly contaminated. These calculations, neces- 
sarily for highly idealized situations, vere intended to provide an 
estimate of the shielding afforded from radioactivity deposited ofi 
weather surfaces. 

Similar calculations have been m8de for ships surrounded by a cloud 
of radioactivity. These results were intend_ed to provide an estimste of 
the shielding afforded from airborne activity during the contaminating 
event. 

A third source of rsdiation, indicated in Chaqter 2, is from radio- 
active material in the water stwounding the ship. Because of the 
-different geometrical configuration of the radioactive material on 
weather surfaces, in the air during the contaminating event, and in the 
water during such time as the ship is in a contaminated region, the 
shielding factors at any given point will generally be different for 
each of these three Sources. The overall atenuation at any location 
must b8 evaluated from each of the three shielding factors and the rela- 
tive contribution to the total radiation level of each of tke three 
8ourees. This subject is discussed in more detail in Appendix B. 

The ultimate purpose of such evaluations is to provide a means for 
forecasting the relztive safety of vrzious locations on naval 98ssels. 
Such knowledge might provide a basis for altering the disposition of 
~rsonnel in anticigation of atomic attack, or for ~~&ing rapid estimates--- 

l !Phe shielding factor is here defined as 
at the point of interest to the dose rate 
weather deck. 

the ratio of the dose rate 
at a point 3 ft above the 
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on +&e b8sis of a few topside mmmrmt?nts---of the extent of radiation 
casualties following such sn attack. 

Previous tests have furnished somz shieldihg klfolz72f3tim, but the 
data 18ere either fragmm+m, of low reliability, or difficult to inter- 
pret (notably in the case of Operation Crossroads) or not directly 
8pplieable to the c8se of f8llout of bomb debris, 8s in experiments usfng 
single radioactive iaotopee ~13 radiation sources. 

project 6.4 offered the opportunity for studying hieiding effective- 
ness of ships1 structures for actual branb debris f8llout, in addition to 
supplying dat8 directly applicable for iMX?rpreting the effectiveness of 
the washdown countemeasure in iuterior coqpartXbm*s. Ths shielding study 
was designed primrily to detemine the shieldiug factora, as f'unctions 
of t33s2, for aterial deposited oh we8ther surfaces, since this was eon- 
sidered to be the rzajor source of radiation. Itwas 8tiOhopedtoPnake 
some estimate of shielding fros airborne activity during the f8llout 
event. Subsequent snalysis has isdicated th8t, for these tests, shielding 
from radioactive materiti in the se8 water m&St 8lSO be cousidsred. 

The steel pipe absorption studies were based on the prez¶ise that 
most of the radiation passj,$j through the pipes was incident almat 
norml3.y on the outer wallt-. Becsuse of this sixr@e geometry, it w8s 
comidered that the complex radiation energy spectra at 8ny time could 
be interpreted in terms of a relatively sixp.le absorption curve. The 
detectors inside the pipes mmsured the radiation from 811 directions. 
The absorption data therefore include the build-w in inte+eity from 
radiations reacking the detector after being scattered within the pips 
Malls, 8s well as the directly tranmitted radiation. These abso,rptiou 
data are therefore directly applic8ble 8s bas',c infoxmatioh for cozputing 
shielding factors 9~ interior cospartsehts. 

Dose-rate histories were obtained to detemine the influerrce of 
the changing radiation energy spectrum with time, anil si&lar zeasurezonts 
were made on both ships to deterxine whether contmzinmt redistribution 
or selective removal of nuclides by the w8shdown appreciably affected 
the shieldiq effectiveness. 

3.3 IPZSBTIOEB 

Dose-rate dat8 were obtaiued in selected interior compartmnts where 
no ingress of radio8ctive contamination w8s expected at identical locs- 
tions in both ships. Dose-rate histories were obtained for estimtfng 
shieldi= effectiveness as a function of time. Details of the gasma 
mdiation detectors and mcording system are given in Chapter 8. The 
locations of the particulsr instruments of interest in this chapter are 
shm in Figure 3.1. Approximte distances 8ud deck plating thicknesses 
are also shown. Data taken at other st8tions for Other studi@ my alSO 
be uSei"ul, but tim limitations *have precluded their use in this report. 

Interior surveys were We to detemine the v8riation in dose r8te 
within CoqWtmnts and, also, to determine the correlation between 
shielding effectiveness determined from the recorded dose tim histories 
and from resdimgs taken with ordinsry survey raekrs. Detd.18 of the 
surveys are given in Chapter 9. 

The loci&ion and di.m%&.ons of +-&e s*el @&es am2 shown 4.13 

figure 3.2. SimiW data for thz steel pipes are given in Figure 3.3. 
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; , t 3.4 RIBUU?S AED DISCUSSION ., 

Adequate data were obtained from Shots 2, 4, at&5 for both ships, 

V 

Recause of the lcm radiation levels on YAG 39 for Shot 2, however, these 
data arc considered less reliable t&an the remainder. 

Results of the analysis have been confined principally to the deter- 
mination of overall ohielding factors, as a functioh of t&e, at the 
locations ahm in Figure 3.1, and in mdysis of the steel pipe data to 
determine the absorption characteristics of the radiation as a function 
0% tiBE. The overall shieldi:\g factor, F, Q.&fined as the ratio of 
the dose ra+e within a ccmpar~nt to that neamred above the weather 
deck. A8 indicated in Section 3.2, th overall sbie;luing fact-5? aI-gte8 
only for the specific conditione of these tests end cannot be extrapolated 
directly to coaditions where the relative magnitude of radiation levels 
frcm deposited activity, aixborue activity, au9 waterborne activity ia not 
the same as in these tests. 

The results of Section 3.4.4, however, indicate &hat it is possible 
from the YAG &I data to estimate the shielding factors for deposited 
activity; these are directly applicable to other conditions. Further 
analysis may make possible a quantitative evaluation of the radiation 
shielding from airborne and froa wa+&rborne activity. Meanwhile, certain 
.qualitative concluaione can be made regarding the relative contribution 
of these sources coqared to that from activity deposited on weather 
surfaces. 

A predcmixmnt feature of all the data from below-deck spaces 
(mentioned in connection with washdown effectiveness in Chapter 2) is the 
smaller apparent shielding effectiveness on YAG 39 as conpared to YAG h-0. 
'Ifhis observation xzay be attributed to the fact that the washdown system 
on YAG 39 suppresses the relative contribution of activity deposited on 

j 
the decks and, hence, increases the relative importance of other radia- 

(b 
tion sources unaffected by the washdown. It is shown in Appendix I3 that, 
if the contribution fro3 airborne and waterborne activity is small com- 

l;;i pared to that from weather mu-faces, the ratio of shielding factors for 
the two ships should be nearly equal to 1. However, if the contribution 

c 

.- from weather aurf'sces is small compared to that fro= airborne or "water- 
box-he sources8 then F&F40 can approach a value equal to the ratio of 
the unshielded deck reading on YAG bo to that on YAG 39. From Ctipter 2, 
this ratio can be of the order of 10 or 20. Therefore, in locations well 
shielded from weather surfaces, it is possible for the overall shielding 
fector on YAG 39 to be an order of magnitude greater tFzm on YAG 40. 

: 

.’ 

3.4.1 Below-Deck Studies. The principal study of shielding at 
iocations below the weather deck was ma&in hold No. 2, where four detec- 
tom were placed ir; a vertical line to measure the effect of increasing 
distance froze the weather deck and of increasing thickness of ateel. 

.' Stations 25 and 26 were between the upper deck (min deck) etn& the second 
deck, and Stations 27 and 28 were below the second deck. Ratios of dose 
rates from these detectors to rates from Station 16, directly above on 
the weather deck, are plotted aga'imt tti in Figures 3.4 through 3.9. 

k 
A similar study was mde bet\seen the upper deck (main deck) and 

second deck in 130. 1 hold. Here the simulated flight deck w&e located 
above the hatch and the hold was waterloadcd below the second deck level. 

t . 
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Ratios of ilone ra'*s from Sbtfora 7 to rateer froin Station 2, directly 
above on the simulated flight deck, are given in FiweG 3.10 thwagh 3.14. 

In addition, on YAG 4O only, tar0 steel pl.atia about 6 ft sq were 
mounted aymetricaU_y with centera lC+ ft on el.the side of the shig?s 
centerline 3 ft above the second deck. Station 6 was located beczath the 
center of the 2-in.-thick pla+~ and Station 6 beneath the 4-in.-thick 
plate. Ratios of dose rates at these stations to the rate from Station 2 
are given in Figures 3.10 through 3.14. 

The remaining below-deck location of primary interest to this stuw 
was in the instrument-recording room, hold Eo. 4, Station 64. !Fhe to2 of 
this room was a K-in.-thick concrete slab. Ratios of dose rates from 
this station to rates from Station 6& the nearest location on the weather 
deck, and to Station 66, C&O above Ro. 4 holcp but farther forbrard, are 
given in Figures 3.15 Thor 3.19= 

One specific feature of the data for Station 64 on Shot 4 tight be 
noted. This is the abrupt large iacrea~e in shielding factor for both 
ships beginning at about 7 hr. !Fhis increase can probably be attributed 
to the ships' courses intersectin a regioa of hi3h water activity, since 
the course change at 5& hr was expected to bring the ships back into the 
fallout region at about 7 to 8 hr. 

Data from these studies generally indicate that the shielding factor: 
(1) decreased with increasing time; (2) decreased with increasing thickness 
of steel or with increasing distance between the detector and the upper 
&ck; and (3) was greater for YAO 39 than for YAG 40 at compwble loca- 
tions on the two ships, the difference becoming progreesively greater 
with increasing thickness of steel or with increasing distance between 
the detector snd the upper deck. 

Survey measurements indicated a considerable spread in the &ose 
rates measured within a given below-decks space. Arithmetic mean values 
snd sWti cieviatione were coquted for each set of readings in each 
space. Xn most cases, the standard deviation was from 8.2 to O,6 the 
meanvalii. Shielding factors determined from the survey measurements 
generally were larger in value than those determined from continuous 

U dose-rate measurements at comparable times. 

3.4.2 Superstructure skdm. Ratios of dose rates in superstructure 
compartments to rates above nearby open-deck surfaces are given in Figures 
3.20 throup& 3e21~. Because of the complex geometry and light construction 
of the uuperotructure, it is probable that various conwnated surfacea--- 
such as the top of the house, exposed superstructure deck arem ana nearby 
regions of the upper deck (main deck) ---all contribute si3nificantl.y to 
the raitiation from activity deposited on weather surfaces. 

Nevertheless, the shielding factors exhibit the same trends as for 
below-deck spaces, decressing with increasing time and with ticreasin& 
distance of the detector from the top of the h-e. 

3.4.3 Steel-Pipe-Absorption Studies. Ratius of dose rates measured 
inside the steel pipes mounted on Bo. 2 hatch to the rates for the similar 
unshielded detector, Station 3.5, are given in Figures 3.25 throu3h 3.32. 

p: 
Absorption curves were x&ade from these data for each shot and ea2h 

L 
ship. In these curves, the shielding factor was plotted on a logarithmic 
scale against the pipe .thickness on a linear scale. Despite the hetero- 
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Figure 3.21 Shielding factors for superstructure 
stations on th? Ym 40, shot 4. 
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F@ure 3.22 Shiel4ing factors for superetnacture 
rtcttione on the YAG 40, Shot 5. 
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Figure 3.23 Shielding factors for superstlvcture 
stations on the YAG 39, Shot 4. 
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Figure 3.24 Shielding factors for superstructure 
statione on the YAG 39, Shot 5. 
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geneaus energy spect.. of the rrtdliaticn, the d&s points genes fell . 
quite close to @sight lines, indicatm aar e~onentiel attenuation of 
the formF = e-W where z is the thickness of steel.. Here F is an appweut 
abeorption cc~fficic.~t 8.~13 s'mti be -P thm thcs usu&lLy quotc.3 -alms, 
because t&z &deckrs alao rmsmre the mdistion acattescd by the pi* walls. 

J 

va,lu~~~ of jX for each ohot c~u&d by the n&&d of l.emt wparee, aa 
well. aa overall averages, we given in Table 3.1, for time between 2 hr 

4 

5 
d- 
Arit!llwtic 

Hcrn 
-- 
Stsn&Kd 
Deviation 
ncan 

-._-. 

-- 

71 
0.915 

0.951 

_ 

m73 

0.929 

0.917 

0.036 

1.015 l-l21 l.l7g 

1.062 1.205 1.255 

1.061 1.141 1.172 

1.043 1.149 1.119 

1.061 1.136 1.202 

---tI 1.052 1.150/ 1.165 1.217 

o.vo 

and 70 hr. The precision of the d&a is quite high, indicating little 
wristion in absorption chwacteristies from shot to shot or from ship to 
ciip. There is 8 slight tendeney for ir to be greater for Shot 5 than 
Tar Shot 4 on both ship8 and, on Shot St for i;ii on YAG 39 to be gzster 
tk. fDr ‘%$G 4% 

hbsorption curves for varioqus times, based cm the average vtC.ues UP 
ii, E2.E &UXL fn Fl&llR 3.33$ WZd p iS plOttEd CW & fiXlCtiDn Of tiiit!?? in 

Figure 3.34. Roth these figures clearly show the increase in sttcnuation 
with increfwing t&me, indic8Mve of a softening of the radiation energy 
spectrt& 

3.26.1) Comparison of Observed and Combuted Shielding Factors. 
Valuelbf the oberall shielding factor, F, for be&J-deck stations are 
plotted 86 a function of the total thi&ness of steel betwzen the 
detector and the upper surface of the upper deck at various times in 
Figures 3.35 throw& 3.39. In these plots, the E&in. coneret,: sl&b 
over the recording room is assumed to beewivalent to 3.7 in. of steel 
on ez~ equal-msss-per-unit-are& basis. Readings under the 2-i&-thick 
steel plate have been modified to more nearly correspond with the 
expected reeding under a 20in.-thick deck by subtracting from them the 
readings under the 4-in. plate. This procedure was intended to elizi- 
nate the cohtri3ution of radiations not traveling through the plate 
because of its smtil sfce (see Appendix B). 

8. 
At 

Computed curves of the shielding factor for activity uniformly 
deposited on the upper deck s,re also shown in these figures. The method 
of calculation is described in Appendix B. 
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Fiwe 3.33 Absorption curves for different times Jased 
on average values of p. 
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Figure 3.35 Shielding fectors as a functioa of deck 
thickness at 2 hr (ji.= 0.917 in."'). 
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Figure 3.38 Shielding fmtors ac a functiczn of deck 
thickness at 10 hr (a 0 LO5 in.’ ). 
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Figure 3.39 Shielding factors as a function of deck 
thickness at 20 hr (jI = 1.15 ix~.-~). 
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3Ct was concluded in Appea B ' .f%t the cwem skklding factors 
for YAG 40, with the excePtiola of the recorder room statioo, should be 
only slightly greater than the shielding factors for deposited mterial 
alone. Coq.~srison of the coqmted curves sud observed values on IAS 40 

I 
for the lightly shielded r;tatiOpLs does, in ad, indica* 8 close cagree- 

‘ 
ment. There EWE? considerable discrepmcies at certain tims between the 
observed values under the 24~3. plats and the cort-zputed va.l.ues; however, 
the observed values are sensitive to ml1 instrument errors, because of 
the correction described above (which involves relatively OR&J. differ- 

* ences). 
Cknerally, the observed values in the recorder room sre greater than 

Y- 

Observed snd computed shieldin&factors as a function of tine for 
zstdion8 25, 26, qt sud 28 an m 40 sre compared in Figures 3.40 thrcwh 
3.1~3~ The decrease vith increasingtim? in the corqputed values and in 
the obsenred vslues at later time can be attributed to a decrease in the 
effective rsdiation energ3a with tims. !Rzs mom-rapid decrease ti so= of 

2.. the observed v&Lues at earlY t-8, psrt1culsrl.y evident for the Shot 2 
/ d&s8 my be caused by a chmge with tim in the relative contributions 

frcm airbornesnd depeited activity to the total r&U&ion field. This 
possibility is cor;sisteat with calculations indicating less attemation 
frost activity in the air tmrrom the ship t&a for deposited activity 
because of the different geomstry of ths sources. 

the.coq+ted values snd decrease less mpidly with tti. This discrepancy 
might be caused3 in Part, by the lack of exact equivalence between concrete 
and m equsl msss of steel, Greater attenuation should occur for 8 steel 
plate, because of the greater photoelectric 8bsorPtion by steel of the 
low energy gams rays; this effect should becozse mars pronounced with 
increasingtim,becsuse of the appsrentoverall softeningofthemdia- 
tion energy spectrum. It is slso Probable that the'imreased issportance 
of activity in the sea water at this location causes part of the discre- 
P=cY. This possibility is indicated iu Appeudix B, where it is pointed 
out that the shieldihg factor from deposited activity at this location 
may be considerably less than the observed overall shielding fsctor. One 
fuzthcr fact should be pointed out: where the attenuation is large, the 
value of the shielding factor is quite sensitive to the value of the 
abso+ion coefficient C. For exarqle, where the attenuation is suffi- 
cient to give a shielding factor in the neighborhood of 0.0019 8 c!%%ge 
of only 35 percent in CwilJ. change the toqnated shielding eflectiveness 
by a factor of 2. 

k ’ 

3.5 co!GIzLtEIo~s 

1. Detemiuation of the shielding effectiveness of ships' struc- 
tures from the data of this study is coqdicabd by ths fact that the 
memmxsd dose rate at asy location lsmay bs due tc Faaaioactivity deposited 
on both horizontbtl and vertical wsather surfaces, to activity in the air 
durtig TsUcui;, *and to activity in sea wster. T%e o-verall shielding 
effectiverress at any location depotis on ths r&%guitude of esch of these 
various sources of rsdiation ax& on the shielding provided by the ship's Q 

structure for esch af these sources. 
2. The overall shieldinS factor, deftid as the ratio of the dose _1 

rate in a coqq?tmmt to the dose rate nmsured at em unshielded lOcj%tiOn 

109 
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Figure 3.42 Coqarisan of coqmted and observed 
Ehielding factors, YAG 40, Station 27. 

TIME (HR) 

Figure 3.43 Compriflon of computed and observed 
shielding factors, -YAG 40, Station 28. 
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ChQve the weathr deck, was found &!a a function of tim for lr&ri~ 
laeatim . The fCUCWing geEe??a?. COClUCiOlzs C6n be slrpc?e: (8) the 

8Mcldfng factor damas& with incrmfng tine, eis observation wh(,ch 

m be EatilXdb~~C?d t0 ED decEnSa i3 th-2 @ffCetiPe gemm mdiatfon euergy 
with insreseiug tiue; (b) for below-d~k ccqmrtzentsl, the shielding 
53xtor decreased witkk immxmirkg thiekmm of steel and wfth increasing 

. . 

IF 

distance lrtetween the detector and theqqer deck; (c) in below-deck 
cmpar&ente the overall ahieldtig factor was greater on YAG 39 than on 
Yi’.G &I. This diffezelnee can be attributed to the large reduction in 
activity on the Yffi 39 weather decks effected by the washdown system, 
which doea hot, kovever, &pgreciably iufluence other rediation m,mces. 

\ 3. ISs&a 23-m superstructure cm~~nts werf2 not 80 consistent 
08 fror;; below-deck ~psces, probably because of the more-complicated 
geometry aud relatively 11ght ecntitmtfm of the Isu_perstru&ure. Overall 
ehielding factore in superstructure locatiom, however, did tend to 

. . decrease with ix~~easizg dfetauce of the location fro% the top of the 
house aud aloo decreased with increar;iu.g tle?e. 

lb. Shielding factors at locations between the second deck and the 
upper deck were in the range from 0.1 to 0.2 on YAG 40 and fmm 0.15 to 
0.30 on ICAG 39. In the hold, the value8 ranged from 0.03 to 0.05 on 

\ \ YAfG 40 and from 0.06 to 0.10 on YAC 39. In su~set~ture cqwwnta 
on both ships, the values generally were ti the rslnge from 0.1 to 0.6. 

5. &me-rate data within the oteel pipes xmnted on the upper deck 
provided a series of absorption curves at mrious t-6 for each shot ti 
for each ship. These curves indicated au approximtely exponential 
attenuation of the radiations by a steel absorber. It was possible to 
evaluate appment abeorption coefficients which were found to increase 
regularly with increasing time. This apparent abso&ion coefficient 
included the build-up effect of mdietims rmchiug the detector titer 
being acsttered within the pipe walla. 

6. Overall shielding factors on YAG 442 are believed to proved a 
good approximtion to the ~hicldiug factors for activity deposited ozz the 
deck surfaces. Celculations of shieldiug factors for deposited act%vity, 
using the absorption da& from the pipe studies, were found to agree wall 
with observed values on YAG ti. The greateet discrepancy w&s found for 

A the most highly shield,ed location in the instrumnt recorder room. At 
such locations, however, it is not practical to compute a preciee value. 
The shielding factor for this location is quite sensitive, both to the 
thickness of steel tr~eraed by the radiationrr and to the value of the 
apparent absorption coefficient. For exmrple, a 15 percent change either 
in the assumed thickness ox' steel between the detector and the deck or 
in the value of the apparent absorption coefficient wi;3. alter the ehielding 
effectivemms by a factor of 2. Another uncertainty about locations 
well-shielded from radioactive murces on the weather deck is the contri- 
bution from other sources, particularly waterborne activity or ectivity 
which adheres to the nhip's hull. 

3.6 FUZX~TIOHS 

Further amblysls of the data frun this project and frm other fallout 

-. measurement projects my tie possible the detewination of the shielding 
effectiveness for radiations from. airborne end waterborne activity. Tnese 

k 
Xl.2 

4 

_. 



rea-tilts 6hcw.d be corqxwcd with calc~stio~. xn fuM teEm3, instrunrea- 
tatioa should be prouidtd to better segsrate tk radiations front the various 
ixAn2rces. 

Further anaJ.y~~lrs of the data ahwald be mde to provide shielding 
factorrr fort&es grec&erthPnthose csvered inthi~ report. !t?his inform- 
tion wu3.d. be of va.lu+e in deternining the shielCliq effectiveaeeo 6th 
respect to integrated doaage. 

The discrepancy betmen shfeldiag values obtained by vrerious amarine; 
devices should be further im%tigatmL 

The shielding factor for welL6hielded locationo cannot be predicted 
precisely, becauoe aaLl changea in such pammeters ks~ deck thickacss and 
crbcorption coefficiento cause l&wge chmgee in the shielding factor, Deck 
thicknemes are not constant, aad absorption clxaractiristictt of the radia- 
tioxm fx a3y particular 6ituatioa cannot be e3mcSl.y predicted. However, 
further study of the reliccbility of predicted eh8elding factora at well- 
shielded &cations &ould be a&de. 

I 
i 
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4.1 BACKGROUND 

Subsequent to the Bikini-Baker teste, attempt.3 were xtmde to effect 
gross decontamination of cert%in test ships. The~re8ult.s of these effort3 

\ z were inconclusive. I&ter and continuing lsboretory, engineering-scale ‘. 
eqd land-based field-oper%tion tests produced decontamin%tion x&hods 
and technique8 of varying complexity and potenti%l effeCtivene88. 

A number of these were discarded, at lsast tempomrily, 03 uns%tis- 
factory for re%sons of i~ppliceibilit~ to large-scale operations, 

i imffectivenes8 relative to the effort cad equfpmnt required, dispoaxl 
of cont%minated waste, inherent ind28trial h%n,%tis and fire end explosion 
dangers. Tzo categories of r;aethode wem ulttitelgr e8i25bli_shed: non- 

. destructive %nd deetructioe. The nondestructive method3 coneieted of 
firehcsing, hot-liquid-jet cleaning, 8.~2 ocrubbing with sap cr detergent 
%dditiveo. The de8truCtiVe, or surface-rem~l, x&hods involved the 
use of cutting or abrasive tool8 and m%chinerr, chemical re%@Zkts, 
chemical strippers and flame cleaner3, all of which were potentially 
dangsrous, relatively elow, and often undesirable bocaueg of their 
detrimental effect on the decont%min&ted eu~f%cos. They were, therefore, 
considered to be limited to u8e in m-called industri%l decontamin%tion 
operations. 

With the continued growth in import%nce of nuclear weapon3 in ccv~ 
SideHltiOn8 Of naval warf%re, it '&eaIW SppSmnt thert =%lls h%d to be 
devised for the r%diological protection of comb%t and eupport veeeele 
which might becorn redioactively cont%min%ted during the execution of a 
tictic mi88ion. This requirement resulted- in the development of the 
w%shdown syetem. The prcblen of 3hip8 not fitted with this device still 

c rex~ined. FtLrthezo~, the e&u%1 extent of either the protection or 
the decontamiostion afforded by the w%ehdown sgetem w%8 unknown, Since 
only limited teeting with nonr%dioective eimulanto h%d been %ccoti+li3hed 
and a need for addition%ldecont%min%tion could reason%bu be expected. 

It wa3 evident, therefore, th%t test ships should be subjected to 
the fallout from a nuclear weapon in o&er that the applicable recovery 
procedures could be evaluated %nd effective countermea3uree ulttitely 
provided for n%val shins. 

4.2 OBJECTIVF3 

The general purpose, Q of Project 6.4 during Operation Cabtie was to 
field teat procedurss 'Id COUlteI-%K?~8tL~8 for ships achjected t0 radio- 
active fallout from a nuclear deton%tim Specific objectives were to: 
(1) evaluezte Barious combinations 2 firehosinS, hot liquid jet cleaning 
and scrubbing (with detergent) with reg%rd to removal of cont%min%nt, 
m%np,awer effort and the equipment and xmteriale required; (2) mconmsnd, 
on the b%sis of the above information, an interim counterme%sure for the 

. tactics1 recovery of ships contminated by the fallout from a nuclear 
detonction; (3) Pnvestig%te, on 8 aUit%ble scale, the Ch%r%Cteri8tiC8 of 
removable coatings for protecti- ships' weather surfstees from radio- 
activity and for facilitating subsequent decontimination; and (4) reduce, 

R eo necesf;erry, tk:.e to-L81 radiation levels of kh t-do t@st ship8 to ;sermit 
p%rticipat:ion in subeequent shot8 without exposing operating personnel 
to rsdiation in eTces8 of' the limits permitted by the task force. 
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The inat~nts rrsquired for th3 proetAI?i?nent of decontamination 
evahatfcs data were the AW/PDI+TIB &mm mter ani3 +Ae IEZDL 3X-32 
beta probe. These inetmnte and the ProCsdUres followed in pmcur;i~ 
the tset data am deecribed in Chapter 9. 

4.3.1 Decontzmination Facilitiee. To facilitate decontamination 
operations, eater ati oteam outieta ware provided on the msin dsck of 
the YAG 39. Twelve locations were chosen, six forward of the super- 
structure arad six aft, equally distributed to pz& and starboard. This 
arrangement nande %,;, coosible to connect firehose and steam hoae lines 
in close proximity to the area8 being decontiminated. Each outlet pro- 
vided 2 &/!-in. ernd 1 l/2-in. firehose arid 2-in. and 1 l/4-in. steam 
CZCl~~Ct%OYl8. The firehoae outleta were connected to the main wa.Rhdca 
trunk and the ate&m outlet8 were connected to exi8ting deck f&earn lines. 
Xater for decontamination wa8 eupplied by one Of the l,OGO-gp mshduun 
pumpe and &earn wa8 provided by the ships' boilers. At the outlet8 water 
pressure was main*atied at 80 to 90 psig and steam presoure was 125 peig. 

4.3.2 Decontamination Zonee. Previous experience hsd 8howr. that 
it X-8 virtually imgosaible, because of the influence of residual radio- 
activity, to ev&uate accu&ely the effectiveness of a decQntaminatio1: 
method or procedure on a surftsce that had previouel; been contae~~t~a 
and dscontaminsted; consequently, the experimental phaee 31 ZLe avesti- 
gation was l&ited to the first successful conttamirs-<z&s event. To insure 
.th8 independent evaluation of the various de-ou'imination procedures, 
each ship wa8 divided into eix zontq, ncch of which wa8 subdivided into 
two sectiona, a8 ahown in Figur;j 4.1. 

16.3.3 'Decorkwdiition EquiFnt. _.--I All decontamination operations, 
were accompli&ad With ship'8 &llOWanCe or available commercial equip- 

ment. A tsimsary end brfcf de8CriptiOn of equipment required for %he 
V3?-;n~Z8 y%i&hOdS fOlltXi8: 

Eirehose: 2 l/2-in. and 1 l/2-in. rubber lined firehose as procured 
from General Stores. Play pipe8 and Griswold 4 XAP fog nozzle8 were al80 
8tAndard ctock itemo. 

- Two size8 of comrcially awiltil3le units1 
were used: l250gpht&e B&it and a &OO gphunit. The large unit 
~8 denigned by t'ce manufacturer to be used with a Butterworth washing 
mchine for cleaning an oil tanker's interior compartmente. To adapt 
it for decontamimtion work, NRDL fabricated a portable turret nozzle. 
This unit Consisted of a Grinner anti-torque nozzle mounted on a Seller8 
fog generator fmme. The original nOZZb Orifice wa8 replaced With a 
standard 1 l/2-in. f irehose play pipe. A "Chikean" coupling permitted 
a 360-degree horizontal traverse. Interference t; the mounting time 

1Hfg. BjT Sellers InJector Corporation, 1600 Hamilton St,, Phila. 30, Pa. 

-. 
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limited the vertical angle to approx*toly 70 degreee. The entire 
aseembly ie shcrvn in the photogmph section of Appendix C. 

Hand Scrubbi%~: St6ndard stock deck 8cruRbing brushes were med. 
T&dgm&ent uoed me cleaning coqou~3 c-X20‘- which 1s coqxtible with 

Surf&e Removal: e 
3 

slice x%onooa~ equiplmnt included: 
hine equipped wit@ rev0 tool cutters or wire bru&. 

(b) Aummd air-driven revo toole. 
paint Strippi-: Bud8019 Peerless SpmyersS Model 43030, 50-*l. 

capacity =8 ueed. 

4.4 OI%BATLOXS 

The decontaxination operation6 were controlt.~d and directed frox 
the ATF'-106 during decontaxin8tion of the YAG 39 and frox the YAG 39 
during decontmir.tion of YAG 40. ti both ~R866~ steam and water wem 
supplied by YAG 39. Ship-to-8hip comxunicstion w%8 miniMned by means 
of pawar mg.m~honm. Vbsn close sup~mfeion waa required, Project 6.4 
pwsoax?f boartaed the @hip with the vorkinng teim.6. Th.ie pzmtice Wa6 
kept to a mk&mm to con6orvo t36 dosge of the Xii&ted nuxber of project 
~r~onz~elavailable. 

4.4.1 D~ontaxinstio:n @?~~caduree, $3&L. Five different decon- 
taxination procedure6 were ev1%lu6~~~~ on the YAG 40 after Shot 2. The 
procedures contsioted of three hzsic x&h&o: fl$hosin&?, hot-liquid-jet 
cleanin& and hand 6crubbing with c-l20 detergent which i8 cowtible 
with 6alt w&ter. 

!&JO or more ai" the m&.h&3 coxprieed such of fke procedure& tie 
dacont6mfnation procedure6 were srrang~d 21 6tepkQse 6equencoo 86 follower: 

R?oceduren s (StandWd): Step lp Pircr.?'3%ng at 100 eq ft/xin; Step 
2, IXot-liquid-jet cleanFn_E a;t lO@ eq ft/xLn; :%p 3, Eanc? scrubbing at 
25 aq.ft/min; and Step 4, Firehoeing at 2C!O eq %/min. 

R33cedure A: Step 1, Hot-liquid-jet clermi,.; at 100 8q ft/min; 
Step 2, Hand scrubbing at 25 sq f't/rain; and Step 3, FirehOSing 8t 100 
Sq ftfmin. 

Procedti B: Step 1, Hot-liquid-jet clssning st 100 sq ft/min; 
Step 2, Band 6crubbjng at 25 6q ft/min; and Step 3# Hot liquid jet 
cleaning at 100 6q Pt/min. 

Procedure C: Step 1, Firehosing st 100 eq ft/xin; Step 2, ZIsnd 
scrubbing at 25 aq ft/'min; and Step 3, T’irehoeing at 200 sq ft/xin. 

Procedure D: Step 1, Hot liquid jet cleaning 8% 100 6q ft/min, 
and Step 2, Firehoeing at 100 sq ft/xin. 

4.4.2 ,%equence of Operationa: Each zone except Zone 3, which wa8 

. 

2BuAer ftem sack IJo. 35lC1569-109 (5O-lb. container) 

t, 

Stock Ito. B'ilC1569-125 (2GO to 23O-lb. costdner). 
Mfg. by G. H. Tenrant Coxpany, 2520 I?. Second St., Minneapolis 11, Minn. 
iQ* by Aursfd ~3anufacturing and Equipment Company, 2643 Colerein 

Avenue, Cincinrzsti 25, Chio. 
kg. by I3.D. Hud6on Mnufacturing C0m.p~~~ 589 E. Illinois Street, 
&hiclQ&o, Illinois. 
Clf3Pn5.G cc~pou?LJ, Ppecifi=tion C-120 (net? syacificetion, XII,-C-7$207) 
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reserved for protective coating studies, was decontaminated in accordance 
with the assigned procedure. 

A otepiae deacrlp tion of Procedure S lo typical, since all otksr 
basic procedure8 were variations of it. 

{a) Radlologlcal survey (gamma and beta readings) taken (oee Chapter 
9. 

(b) Surface firehoaed with a 2 1/2-l% firehose at the rate of 100 
sq ft/min, 90 psig averag0 preseure. Area wa8 firehosed from centerline 
of shr,? to rail, progresoing from forward or aft to rJuper&xUcture follow- . 
infj abwX’ Of 8hi.D. 

(c) RadioZ3gical survey taken. 
(a) SUrface cleaned with a l250-gal/hr hot 1:qUid jet at rate of 

100 sq ft/min; nozzle delivery at 125 psig and 180°F avessge temperature. 
Detergent C-l.20 wae educted through the injector Unit. !&is required a 
20 percent eolution (by weight) for a 1 percent concentration at the 
nozzle. Cleanlng was from centerline to rail and followed the sheer a8 
with f irehoaing. 

(e) Surface hand 8CrUbbed at rate of 25 sq ft/mln with deck bruehes. 
(f) Surface flreho8ed with 2 l&in. fiIT?hO8e at the rate of 200 sq 

ft/min, go PSig average pl?a88UX?e. Forward progress aam a8 Step 1. 
(g) Radiological survey taken. 

4.4.3 Decontamination Procedure, Zone 3. Zone 3 TEMJ coated with 
the radiological protective coating, Hare Island Formula 980. This zone 
was decontaminated using the'procedure developed for removal of the 
protective coating in preliminary test0 on the YAG 39 (See Apwadix C). 
The procedure cocsleted of the following steps: 

(a) !ihe surface was sprayed with a 2-percent solution of caustic 
soda (commercial grade NaOl?). 

(b) After allowing caustic to react for 5 to 15 min, eurface wao 
fldahed with a-1 l/2-in. firehose at a rate of 20 eq ft/mia, 90 psig 
average pressure. 

(c) Surfzxe cleaned with l25O=gal/hr hot liquid jet at 20 sq ft/ 
min; minisUm temperature of 180~0 

6.4.4 O_c\eratlonalDeccntamination l?roced~re~, Shot 2. TJpon com- 
pletion of the tactical prOcedUre8, decontamination of the YAG 40 was 
continued on an operational basis.- AL1 weather eurfaces except the top 
of the wheel houee received the 8ame treatment, which consisted of a 
thorough cleaning with the 6000-gal/hr hot liquid jet and IJRDL turret 
nozzle 8t a rate of approximately 80 sq ft/mln. The average delivery 
preesure and temperature were 160 p8ig and 185°F. A eaturated solution 
of C-l.20 detergent wa8 educte d through the injector unit and compri8ed 
apDro;_,imtely 5 percen” b of the total delivery through the nozzle. When 
a convenient area had been cleaned in this manner, the GOOO-gal/hr 
turrot wa8 used to wash the 8ame surface and flush off the dolorgent 
with clear hot water, also at 80 eq ft,/min. 

The tcp of the wheel house was hand scrubbed using a l-percent eo'au- .I. 
tion of C-120 detergent and wa8 then flushed with a 1 l/2-in. firehose. 

The wood boat deck, in a final operation, was resurfaced with a 
Tennant zzxhine equipped with a wire brush tool. With the wire brush 
inetalled the machine could be ope~tecl at approxintately 200 aq ft/hr. 
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The Tennaxt machine was edified for comecticn to a_Roto-Clone dust 
collector but this accaasory was dispensed with because of nsechanical 
nrslfunctioning. 

4.4.5 OpmatimU Decontamination Procec?ures, Sh.ctc, After Shot 
5 both the YAG 39 and HAG 40 we&% decontaminated with operational pro- 
cedures. 

With the exception of the flight deck, boat deck, and adjoini= 
bulkheads and the top of the wheel home, the weather surfaces of ths 
YAG 39 wwe cleaned with the 6GOO-gal/hr hot liquid jet9 both alohe and 
in conjunction with hand scrubbing. Additional Raesect were x&e in all 
areae except the flight deck and Zone 2. 

The top of the wheel house, the superstructure bulkheads above the 
bmt deck, and the boat deck itself were cleaned with the l25O_gal/hr 
hot liquid jet, scrubbed with C-120 detergent, and then firehosed. The 
yellow plastic enarml, with which the top of the wheel house was mated 
to facilitate aerial identification, did not respond to these decontami- 
nation methods, and the enamel was subsequently mmved by repeated 
applications of caustic soda. 

The flight deck of YAG 39 was coated with Mare Island Formula 980 
protective coating as a means of facilitating any subsequent decontami- 
natlon. It was removed as follows: 

(a) Liberally applied caustic soda solution with deck swabs. lo 
areas wexe permitted to dry prior to washing. 

(b) Rexoved caustic and protective mint with the ~OOO-~E~L/IIY turret. 
All topside weather 0urfacos of the YAG 40 were painted with the 

experin;entalFormla q80 xadiological protective coating prior to partlei- 
pation in Shot 5. This wee a deviation fro81 the test program as original- Q 

ly planned and was adopted es 8 prospective means of achieving gmater 
operatioml decontamination effectivenese. 

Prior to the actual removal of the protective coating, Zonea l:, 2, 
'3, and 4 were washed down with 8 2 1/2-i& firebase. This step wan T 

recoxmmded ~JJ the Eealth Physics Group to remove loose contmuimnt which 
was beillg picked u:, to an undesirable extent on the clothing of sarcple 
recovery azd survey pereonnel. After the firehosing, the protective 
coating was removed as follows:' 

(a) Applied caustic soda to vertical surfacea with pressure spray 
equipment and to horizontal surfaces (decks) with swabs. 

(b) Removed as much of the protective coating as possible with 
1 l/2-in. firehose after caustic soda solution had remained on surfme 
from 10 to 15 min. 

?Jhen the foregoing procedure failed to detach the protective coati!% 
from 8~gfi~?!CiiIlt~y I!.arge area8, particularly on vertical aurfaces, end 
a ganum sxmeg ;%ueii that the radiation level was not sufficiently re- 
duced, the applicatiL *f caustic soda solution vrre repeated, this time 
in a strczger concentratioir. Pollming this the surfaces were again 
washed dmn with the 1 #?-in. f~i:+%e. 

The top of ?he wheel house of the ‘ii_? "3, like that of the BIG 39, 
wae painted with plastic enaml (red) for aerA&: i4entification. This 
enaml was removed with &song caustic a&a aolutio:~ 

The b-t deck was resurfaced with the Tenmnt xachize ti:ljiRped with 
a rem-tool which permitted operatiozz at a rate of 400 sq ftfhr. I~pvoxi 
lnntely l/8 in. of the woo&n deck ~33 removed. 

J.20 
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Aurand air-driven hand toolo were ueed to remove the deck eurface 
at the boat davits and other obstructiona around which,the larger Pennant 
machine could not operate. 

4.4.6 Radiological surveye. Comprehenskve data for the evaluation 

P 
of the tested decontamination methods and procedures #ere obtained by 
detajled gamma and beta measurements at establirshed monitoring etatione. 
These surveys are described In detail in Chapter 9. A limited number of 
wipe samples were aleo taken to determine the extent and the removability 
of loose coEtamim¶t. 

zs 

4.5 RESULTSARD DISCUSSIOR 

. . . 
The neceeeity of conforming to ehfp movement echedulee resulted in 

some curtailment of the data obtained from the decontamination etudies. 
Complete tabulation of the test data ia not included in this report 
because of Its bulk. Information obtained by ~~lysis and evaluation 
of the data ia presented in a series of graphs. Decontamination pro- 
ceduree were evaluated on the baeis of amount of contaminant remowd 
from similar surfacea, manpower effort required, equlpmnt and nraterlals 
involved. Contaminant removal by the nondeetructive experimntal and 
operational methods was determined by beta eurface meaeurements. !!!he 
effectiveness of operational decontamination of the YAG 40 after Shot 5 

. - 
by removal of Formula 900 protective coating and navy Gray paint with a 
chemical stripper was established by the reduction Ln the garrmrp mdfation 
field. IZI determining the decontamination cffectivenees, all beta and 
gaxm~ meaeurements were corrected for decay (Reference 6). 

Uniform diotribution of contaminant,.a desirable factor in the 
evaluation and comparison of d&contamination method8 and proceduro~, was 
not obtained. As the result Of the ships'8 course (YAG 40) and the 
relative wind direction during the contaminating event after Shot 2, 
contamination of the anrin deck on the port aide exceeded that of the 

L. starboard side .by factors of 2 to 3 in the decontamination zonee. However, 
after decontamination, comparative plots (not included herein) of the 
test data on the basis of initial level versus percent of contaminant 

--. remaining for each procedure did not indicate that the pei..snt reafdual 
level8 were necessarily dependent upon or were influenced by the initial 
levels. 

h.5.1 Rxperimental Decontaminatfon, YAG 40, Shot 2. The average 
effectiveness and the required manpower effort for each of the nondestruc- 
tive, experimental decontamination procedures are shown and compared in 
the bar graph, Fig. 4.2. 

1 
In terms of percent of contaminant removed, the 

individual effectlveneases lie within the relatively narrow mnge of 50 
to 72 percent, or a decontamination factor of 2 to 4. The possible range, 
as defined by 95-percent-confidence intervals, ss 38 to 76 percent. On '. 

. painted and ateel, Procedure S wae the moat effective, removing 32 percent 
of the contaminant, but aleo required the greatest effort, 2.5 man-hr per 

. . 1000 sq ft of surface. Procedure D which required the minimum effort, 

1 

. I.3 man-hr per 1000 sq ft vaa alao the least effective, rexoving only 
50 percent of the contaminant. Procedure A removed 34 percent but needed 

* 
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Figure 4.2 lCv&hmt?on of experintenbb decontaaixation 
procedures, 1v.C 40, Shot 2. 



2.0 ~aan-hr per 1000 sq it, procedure C removed 6@ percent with 2.17 =n-hr 
of effort per XXM eq ft. The 950percent-confidence interval of C over- 
laps those of S, A, and D. It ?ti probable that S will consietently be 
more effective than c and the latter will be better than Aand D. 

* I 
; DecontimizBtion effectiveness is plotted in Figure 4.3 e@nf?t the 

probb& gamma doee received by decontamination personnel. while cleaning 
a unit surface of 1000 sq ft. Dosage values are baeed on an initial. level 
of 1 r/hr et stert of a given procedure, and the effects of decay have 

. been neglected. For every 1 r/w increment of initial dqss rate, Proce- 
durea A, C, and S will in~olva doees ranging from 1.46 to I.60 r; fir+ 
hosing and Procedures D and B will involve doses z%nglnp; from 0.76 to 
0.93 F when decontam$nat&$j painted S'af8CeS. It Would appesr'thst to 
2wuove amounts of contfi&nsnt eignificently greater than 50 percept, 
the dosage to itecontaminstion tesms would Jump 50 pdrcent. Stained wood 
surfaces create En even more serious situation, einoe the moot effective 
procedure, S, results in a doringe of 1.8 r for esch r/W of initial level, 
ana only removes 55 percent of the contaminant. 

Procedures S, A, and D included the u8e of a hot-liquid Jet generated 
by special equipm3nt, in this case a l25O_gel/br Sellera unit. llltis item 

. was omitted from Procedure C, which required only a 2 l/2-in. firehose 
and ordinary deck bruehea, etandard ehipe' allowance iteme. Procedure 
B hers not been previously dfscusfsed for th3 reason that it wag errtlu8ted 
only on the wood boat deck. Although this deck was well coated with 
Navy Gray gsint and, presumably, should have had the surface character 
istics of similarly painted steel, this f&t cannot be deftiitaly eetab- 

-. 
', lished. Bowever, considering the similarity of the mthods comprioing 

A and B, and the indicated effectiveneasee of 54 and 56 percent, respect- 
l . iv@ly, it is doubtful. if B would have produced significantly bettor 

resulta on pinted steel. Like D it required only 1.3 mm-hp per 1000 
eq ft, but again special equipment WWJ involved. 

-... _. 

. The removal of 55 percent of the contalainant from the wood flight 
. deck by means of Procedure S probabljr represents a greater effectfveneks 

)"' " ,_ 
t%an wou3d have been oWzsined by any of the other procedures on this. 

/, - surf&ce. This deck had been given one coat of flight deck stain @0.21), 
much of which was abeorbed by the wood, and the weather surf&xx wan 
relatively rough and difficult to deccx&mls-ste. it i8 pPObSbl.63 tIPIt, 

bd the other procedures been tested on this surface, they would hsve 
been less effective than S in about the same ratio evidenced his the 
painted ateel deck. 

The efYectiveneee of firehosing as a decontamination procedure wae 
investigated on the wood flight deck and the painted steel msin deck. 
It removed an average of 10 percent of the contamirsnt from the wood and 
43 percent from the steel (Fig. k.2). Although cwratively inoffectivo 

\. on wood, it wae not without value on painted steel, particularly since 

/" 
the required effort atae only 1.0 mn-hr per 1000 sq ft and the upper 

,' limit of the confidence interval was 51 percent, or a deccntamiration 
l .facWr of.2. :Thier greater cff%ctitienesa could probably be achieved by 

closer control of the firehoering technique. Firehoeing, therefore, would :I: 
- 1 be a simple and usefulz&hod where a decontamination factor of 2 was J- 

eI)ff icient QP where limitationa of time., manpower, or equipmnt renderrzd 
. . 
i 

I more-complex procedures impracticable. 
A comparative cx.mstion of the five procedures tested ehwe that, 
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frost the standpoint of effectiveness, nmqmwer effort and the equipment 
requimd, Procedure CP con&stir@ of firehosin& hati scruBbin& (rrith 
detergent) and firehosing is the optimum and can be recommended as an 
interim decontiminstion procedure for Havy shipe. 

Siqce only a lirsit~sd study of protective cc&ings had been nade ot 
the tiboratcry, their evaluation after Shot 2 we43 conducted sop3r5tely. 
The reaultc are diacuased in Appendix C. 

s2 Operations1 Decontamination, YJG 40, Shot 2. On completion 
of the experimental Rtudies, further decontamination of the chip wae 
undcrttrkei in on effort to reduce the mdi8tion fiek! to 8 level con- 
sidered permiseibie by the task force for exposure of personnel during 
subsequent operaticno. This "operaffonal‘~ decontami~tion tie not 
prim&rily an exp:ri~~ntil rstudy and the utse of a turret nozzle (1 l/2-in. 
firehoee play 31~) in t:o&nction with a &X+gal/hr Sellers injector 
wae adopted se a nondestructiva procedure which would possibly provide 
a nigh degree of deccntaminat& effectiveneee wi<z a tinimum expenditure 
of time and effort. The l&et two cbjactivee were not realized, since a 
eecoad pase wae DDE to flush off the detergenk with clear hot water. 
The uee of a 11/2-in. firehose for firs1 flueb%g in this type of oper- 
ation ehould be investigated. 

On psinted steel G further cont%&%-%nt 2*e~1ovai, mrying from 10 to ’ 

22 percent, was acco%pliched with an additional effL?n"; of 2.5 ~~n-hr per 
1000 eq ft, 86 shown in Figure 4.4, Ia gener~31, the effectiveness of 
the operational decontamin&ion ww correspondingly greater in thoee 
areas where the previously tried experimental procedures had removed 
reiatively lesoer bmounta of coiitaminant, e.g., after S, which‘removed 
72 percent, a further reduCtioA of only I.0 percent %ae obtained, whereas 
after 3, the lea& effective experim&d. procedum, an ~cldftioml 22 
percent of the contaminant was remo~czd. Thit3 mlstiom~:fp um3 logically 
to be sx_pecied. 

Operetionnl decontsmination wae least effective on the wood flight 
and beat deck.a, accomplishing an additional re~ovsl of 9 percent from 
the former and 4 percent from the titter. ‘Bits does sot necess%rlly 
indicate that the previous decontamination had been exceptiomlly effect- Y- 
ive. It is quite gzobsble that the poor rears-3.ta U@YQ occasioned by in- 
ability to dislodge detec+ya;ble contiminant from cracke, pyed ~~ELELW, and 
other surface isregulnrities. 

If it can be assumed that a major part of the lcosely hold contami- 
rsernt had been eliminated by the experimental procedure6 and that only the 
tenacioue raaterial remained, then the turret nozzle and t%OO-@l/hr injec- 
tor constitute a decontamination proceduz~ of high p&ential effectivoneE6 
and efficiency. Further teste of this equipment should be conducted to 
improve the equipzkent and technique and to reduce the zznpower effort 
requirGd. 

The failure to remove gore thin 6!J percent of the cstamiraaxt fro;Il 
the boat deck was' reflected .by the level of ~UKEB mdiation in c&tRin 
of the Uving q.Wrterf4 within the shin:e suL&3r6tructure. Since it arreq 
splparent that the nonde&ructive przc:oduree were inadequate, the bet 
deck WC% resurfaced. In this opepsh+,ion, the ssurface pain: and from l/r6 
to 1,/8 in. of wood were removed by u. Tenr%nt rzkschine equipped with 8 -Kire 
bruah. 
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Figure 4.4 E3mhation of &con&&nation procedures, 
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Reeurfacing zwmeS &II bdditfoml 30 percent of the contmimnt, a~ 
ehoxm in Fi@re 4.5. The corresponding (gum% field was thereby reduce8 
to an acceptable level. 

Definite li~itaticne to this type OP procedure wwe evidenced. 
With the wire brush installer in the machine, 20 mm-hr of effort wem 
required for each 1000 eq ft of surface covered. !!%a did not include 
additional personnel needed to collect and dfoposs of the conlxkmiwsted 
waste. Tice mzwhina wae heavy and cun&eroome and would have been difficult 
to control bad the ship been in motion. SurfWee adjacent to bulkheads, 
boat cradles, and davite could not be reached. Repainting of the deck 
a8 a protective meamre atas necessary. The Tennant mchine, thesfom, 
ia not applicable to tactical decontaminatiua. 

4.5.3 ~r&tiOn.d BcO~imtian, YAG LShot 5. %e ~diolo&al 
ait-tion aboard the YAG 39 arter Shot 5 teas eimfiar to that of the pE;G 40 
rfter Shot 2 upz cds@.etSon of the experiwxi.al decontami~tion iu that 
much of the loosely held contaminant h&d been x-emwed b: the wesuifwn 
8yetem azI only the more-tenacious material retained. This ex#sis;s the 
fwt t&t only 16 to 50 percent of the contaminant was wmoved by the 
first pase, 8s indicat-ed in Figure 4.6. Actually, the games r&Ii&ion 
level-8 relatively 1~; but since it was pl.annsed to uee this 3fiip as 

P 
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?igure 4.5 Evalwstion of Tennant machine 
wood boat deck, YAG bso. 

‘an operating base for the decontamirvntion of the 
reduction wae attempted. 

6 

25! 

resurftkcirlg of 

YAG 40, 8 further 

To conserve time, all available rPethcds, i.e., firehoeing, hand 
scrubbing, the l250-gal& hot liquid Jet and the ~OOO-gz~l/hr turret 
nozzle were then utilized as a mstter of expediency and without perrticular 
regard to their individual merit. The extent of the additional decotami- 
nation is also shown in Figure 4.6. With the exception of Zone 2, which 
was not given a second pf188, from 59 to 68 percent of the reaidual contami- 
r&ant was su&cesefully removed. 

The wood flight deck hsd been sprayed with the Formula 980 protective 
coating, and the stripping of this paint with a cauetic soda eolution 
and the 60000gal/b turrcet nozzle removed 79 percent of the contaminant. 

The gamma radiation level within the euperstructure living quarters 
was such that resurfacing of th8 boat deck was-not necessary. 

4.5.4 Appraisal of Nondeotructive Decontamination Methods and 
4 

Procedurea. The effectiveneee of the nondestructive decontamination 
mthtib and procedurea, ae determined by this field operation, agree 
closely with the results of previoue laboratory, engineerira-scale, and 
field teete. It is indicated that the maximum~&~&ial hai been reached 
and that, for these procedures! the decontamination effectiveness liea 
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60 t oWOOO FLIGHT DECK-PC 990 CS +T 

60 

ZONE 2-STEEL NAVY GR 

5-6 

ONE 3-STEEL LJ+HS+HLJSFH 

40 

5 AND 6-STEEL NAVY GRAY 

‘;rooD; “‘“-,’ GRAy ,NOTE: z’Fg$y;\ET 

0 I 2 3 4 5 6 

MAN HOURS /IO00 SQ FT 

1~;,we k,6 motion of decontamination procedures after 
washdm, YAG 39, Shot 5. 

. 

z between factor8 of 2 and 4 for an initial pase and is lese than a factor 
of 8 for a second ]?aee. There ie no indication that these factors will . 
be exceeded as the result of improvement8 in technique or equipment. 
Further studies should be conducted, however, in an effort to obtain 
equal results with a reduced mnpower effort. 

4.5.5 Operational Decontamination, YAG 40, Shot 3 Prior to Shot 
5, the topside weather surfaces of the YAG 40 were covekd with the 
POrmula 980 protective coating. The development af a technique for * 
the re~towl of this coating with a caustic soda, eoluticn and 8 firehoee 
washoff (1 l/2-in. firehose) is deecribed in Appndix C. Since the 
purpose of the decontamination was to reduce the gamma radiation field, 
decontamination effectiveneea ~88 determined by ths reduction in gamma 
dose rate. 

Before chemical stripping of the protective coating wa8 undertaken, 
Zones 1, 2, 3 and 4 were washed down with a 2 1/2-h. firehoae to remove 
the loose contaminant that was being picked up by the clothing of survey li 

E 
and other personnel. As is shown in Figure 4.7, this firehooing reduced 

.’ ;r 
g;; i- 

the average gamma level in these zone8 by only 13 percent, but the 
excessive contenfnatlon of clothiw ceased to be a problem. The Formla 
580 proteczive coating was x%mQved by spraying a caustic SO& eol\rtion 
OI? the vertical surfaces and moppirg it on the decks with swabs. The 
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application of the caustic caused considerable phyeical 
,~reonnel. 

discomfort to 

A 100to-150min r~.ction time was desired, but much of the eolution 
ran off the vertical surfaces immediately and tended to drab from the 
decks with the sheer of the ship. Because of this, the protective costing 
wats not properly loosened, and the subsequent firehose waehing failed 
to remove it as thoroughly as had been anticipated. The remaining coatinS 
retained much of the contaminant associated with it and, consequently, the 
gam dose rate W&LB only moderately reduced, r,q canbe seen in Figure 4.7. 

A comparison of these decontamination results ditii +&oee obtained 

60 

e THIRD PASS - 

BOAT DECK WOOD 

NOTE: AU DECONTAMINATK) 
BY CHEMICAL STRIPPING 
[CAUSTIC SODA AND 
FIRE-HOSE) EXCEPT AS 
NOTED 

I 

3 

UAN HOURSIIOOO SO FT 

; 

i 

., 

Figure 4.7 EvalW;f;ion of decon&tinaticn prooedurec, 
YAG 40, Shot 5. 

by nondestructive experimental methods (Figure 4.2) indicates that the 
latter were more effective, since the average removal by caustic stripping 
was 48.8 percent (whereas an overall average of 58.2 percent was removed 
by the nondestructive procedures). This difference, however, cannot be 
entirely accepted at its face value; because the beta measurements used 
to evaluate the experimental procedures were not influenced by extraneous 
radiation, whereas the indicated reductions in the gamma dose rates by 
removal of the protective ccating were adversely affected by gas radia- 
tion from adjacent surf&es. Assuming that the respective effectivenesaea 
were equal, the relative value of the protective courting consisted of the 
fact that its removal required an effort of 1.0 IEUPhr per 1000 sq ft, aa 
compared to an ave~%.ge of 2.0 1~~hr/1000 aq ft for the nondestructive 
procedures. This tia~ an advantige cnly in regard to this test, since 
under other circumstances, damge to the ship's paint coat would have 
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necessitated repainting had the vessel remained indefin3.tel.y at sea. 
The boat deck and Zones 3, 5, and 6, where eqosure of ship’ s 

personnel would have been most difficult to avoid, were stripped a second 
tS.me . As shown by Figure 4.7, this resulted in a cumulative reduction 
of 72 percent in each zone and 50 percent on the boat deck. Comparing 
these seco,ld passes with the operational decontan&ation after Shot 2, 
it is seen that in the latter case the 'total reduction on the boat deck 
was 60 percent, 79 percent in Zone 5, and 76 percent in zone 6 but with 
the nondestructive procedure requiring more than twice the ziisnpower effort. 

After the second gaee, the gamma dose rates on the boat deck (and 
within the living qumtera), Zone 5, and Zone 6 were atill Gbove an 
acceptable level. A third pass was s&de i'll Zonee 5 and t ati the boat 
deck was resurfaced with the. Tennant nrachine. This brought the total 
reduction to 75 percent in zone 5, 81 percent in Zone 6 (Figure L?), 
and 59 percent on the boat deck (FCgure 4.8). 

It ie unfortumte that sufficient beta measurements were not taken 

so 

40 
0 2 4 6 8 

MAN HOURS .’ 1000 SQ FT 

I2 

Figure 4.8 muation of !bmant -chine resurfachg of 
rood boat deck, UG 40, Shot 5. 

4 

d 

14 

on the boat deck, since the indicated additional reduction of 9 percent 
in the gamma level is deceptive. This result wa8 advereely influenced 

p. by hot spots, contaminated deck gear and equipmnt, and the unavoidable 
3 presence of cozltanW3ted moisture. This irj demonstrated by the 

that, in the same operation after Shot 2, the beta mmmremente 
4.5) showed a further reduction of 30 percent on the boat deck, 
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ths corresponding @mma readiags showed the additional rsductfon to be 
only 16 prcent. 'Fhe 8CtWk1 effectiveness Gf the '&nnant machine Was 
much the sams in both cc~es. 

For this resurfaciag oI;-sration, the 'pennant machine was equipped 
with a "revo-tool", whfch increased the operating rate to 4OO sq ft/hr 
(200 sq it/hr with a wirs brush) and decreased the previous effort of 
20.0 m+.%n-hr per 1000 sq ft to 10.0 man-hr per 1OOO eq. ft, waste-disposal 
pereonnel not Included. Aursnd air-driven, hand cuttim tools w8r8 used 
at the bulkhead parting Une8, around the boat davite and cradles, and 

in oth8r areaa which could not be reached with th8 Tonnant machins. 
The 138~01~3 and titti applications of the caustic soda solution 

caused th8 removal of %hs Navy Gray pint snil, in some lnstancss, the 
r8d lead from la@8 areas of the weather surfaces; but despite this 
drastic treatment, considerable amounts of the Formula 980 protective 
coatIn& were unaffected. Thus, this materisl was unsatPsfactory and 
failed to accomplish Tts intended purpose. Xowever, a protective coating 
which could be removed vithout the use of surface destructiv8 chemicals 
would provide an effective decontamiz&ion procedure. Th8 development 
of such a coatI= should be undertaken. 

4.5.6 Effect of Washdown, YAG 39, Shot 5. The surveyed gamra~ dose 
rate aboard the HAG 39 at 76 hr-after Shot 5 was less than that of the 
'IeAc 40 by a f8CtoT o?' 11, a difference of 91 percent, lndfcating that 
the washdown system was successful in removing a major portion of the 
arriving contaminant (see Chapter 2). The later decontamination described 
in Section 4.5.3 was applied to a tenacious residual contaminant. This 
resulted in a seeming decrease in the decontamination effectiveness 
obtained with the sam8 Ffocedures on the TAG 40 after Shot 2. 

!Fhe washdown, therefore, did not increase th8 ef?ectlver#Jss of 
subsequent decontamination. It did, effectively reduce the dose rate 
and permitted the inftlation of additional recovery mess-8 at a much 
earlier time after the contaminatl~ event. Further, althowh the effort 
required for the procedures was unchanged, It was not necessary to 
relieve the teams at short intervals to avoid excessive radiation 
exposure. 

The n8t effect of the uashduwn was: (1) an indicated contaminant 
removal of 93 to 97 percent was achfeved (see Chapter 2); (2) a lower 
residual dose rate was encountered; (3) the total number of men required 
to decontaminate a given area was reduced; (4) less personneldosaS8 was 
expended; and (5) the actual tina required for decontamination was 60 
percent of that expended on the YAG 40 after Shot 2 and 70 percent of 
the time for the IAC 40 after Shot 5. 

It can be concluded that th8 washdovn system provides an effective 
method of decontamination and9 under equal conditions, is supsrlor to 
the other proceduras tested. 

4.5.7 ~contamiuation versus Deca;E. The effectiveness of eabh of 
the decontamination proc8dures, as previously discussed, represents only 
the extent to which the contaminant actually present on the surface was 
removed, The added effect of dectry is not reflected, since all data were 
corrected to eliminate this factor. Cone~deration must bs &t?en to the 
Influence of natural decay on the tactical decontamination of a ship in 
a military situation. 
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Superficially there am two extreme possibilities: (1) thet at an 
early time, i.e., imediately after the contuxinatimg event, the rate 
of decay is eo much greater than the contamlm.nt remval rate that any 
decontamination effort mepended is urnguetified from the standpoint of 
dosage ard (2) the extension of a limited decontagination effort over a 
protracted period, at later tizme when the decay rate is less rapid or 
even negligible, fails to adequately reduce the existing radiation level 
and again results in an umecessary additional dose to ex_poeed personnel. 

The data evaflable fmm the ship decontam~natio studies do not 
permit a determination of the optW.m tlnz~ at which decontamination 
operstlons should be unikrtaken. Such knowledge is pot@ntLally ixportant, 
and a specisP crtudy should be xade to thorou&ly explore the problem. 

It can be stated conclusively t&t the tactical decontamination 
of any ship should be an all hands operation in which every accessible, 
contaminated surface is attacked simltaxeously and thoroughly decontami- 
nated ?;I the least possible tfm. 

4.5.8 Rad%ation fro!1 Deck Gear and Fittinge. The average gamma 
dose rates aboard both ehfps after temination of the decontamination 
efforts were influenced adversely by radfatlon Fox contminated rope, 
steel cables, boat cradles, and similar gear which could not be decontaml- 
nated OT ixmediately replaced and from relatively fnacceseible objects 
such 8s the kingposts and funnel. Attempts to decontaminate the fun&l 
and top of the house were especially unproductive, because of the coating 
of plastic enamel which had been applied to assist in ship identification 
frank the air. Drain pipes and ecuppers became heavily contamln%ted and 
remained umffectea by practically unlimited fluah%. 

Airborne contam%ation from Raeurfacfr~ jT%nnant Machine) 
Continuous air mmpYi~ shoved that the aerosol concentra- 

tion in thi Immediate vicinity of the 
I;, the task force field tolerance of 

obaerved concentration was 4.3 x 
without regard to aerosol hazard, 
from the standpo%nt of physical comfort and protection from flying chips. 

4.5.10 wipe itzmplea. Theoretically, it ehould be possible to 
determine, by means of wipe samples taken before and after decontamlna- 
tfon, the extent to which loose contaminant is removed fr6m a fmface. 
Practically, however, the accuracy of euch a determination is queetion- 
able, due largely to an inability to maintain uniformity In the sampling. 
For example, any variation fn contact pressure or In the area of the 
wipe, between the initial and final sampling, can result in a false 
Indication of the axount of contaminant removed and, similarly, the 
amount of loose contaminant remaining. 

The average beta levels, in microcuriee, as measured by the lE?BL 
RX-12 and es determined by wipes taken at corresponding etation lOcatiOns’ 
aboard XRG 40 after Shot 2, are compstid in Able 4.1; there is no corre- 

F.. lation which would indicate t&t wipes offer an accurate basCs for the 
L quantitative determln4tion of dscontamlnatfon effectiveness. Even if 

perfect reproducibility could be achieved with wfpe sampling techniques 
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Average ~cta Readings 
survey Wipi Per Cent Remninir?g 

Section Method Location Inltlal Final 
(UC] 

Initial Final Survey 
(Jlc) 

Wipes 

zone1 s P0X-t 
l;&e) E&t*, 4;.7 

2.14 
Flight S s-d 0.33 :::;(.I ::;6 
Deck 

1. Zone 4 B PCTt 857 350 '103 2.79 

is 
Boat, B starboard 923 365 '77 5.1 g:: ::$Z 
Deck 

Zone 2 S Port 
Steel A 
Deck 

1 Starboard 
39zt:j l$j 32; 13.9' 3p;a; ;.;; 

1.52 . e . 

@ 

f 

Zone 5 S ’ Port 1t?OO(e 765fa) 212 

!i I 

Steel C 
I 
SX.WboWd ljoO(S 1 485(a) 57 ;:; 

42.5fa) 0.87 
37*3(a) 5.77 

Peek 

2 zone 6 S Port 3.31 a.4 6.62 
Steel 1? Starb-xud 3z z$ z 7.24 42.0 19.10 
Deck 

(a) These V6hCS are from e+atioM kcSt6d a6 n66r as pOS6ibh? to those where t,& vip6s 
ve2+ taken. 

no e68urance that any correlation between beta readings end wipe samples 
ie assured. not only do the beta instruments end wipe 6ample6 xneaeure 
two different radiological condition, --- local beta contemfnant end 
loose beta contaminant, respectively --- but there is no reason to believe 
the degree to which decontaminationbmay effect one condition equals that 
on the other. wipe samplee are valuable, however, from the standpoint 
of radiological safety and personnel protection in that the detection 
end meaeurement (even qualitatively) of looee, easily =movable contani- 
nant determlnes the need for protective clothing and the enforcement Of 
aree contamination control meaeures. 

4.5.l'L Utilization of HanDower. An average daily total of 25 
enlia?z-f;euFsonnelwere rrmsde available by the tsek force for 6hip&6cOn- 
tamfnation'work. An increased number could have been employed, if 
sufficient decontsmination equipment and radiological safety facilities 
bd been available. 

A decontamination teem coneieting of a minimum of six men We6 
required for the efficient perfortritnce of the individual methad that 
constituted any of the tactical decontamination procedures. Control of 
the 2 l/2-in. firehOse with 4 RAP fog nozzle, at 100 psi& in the line, 
called for e maximum effort from the six-man teem. In the combined 
operation of hand scrubbing and hot-liquid-jet clesning, wherein the 
detergent solution wae educted through the jet; four Bcrubbers, each 
covering 25 aq ft/min, were able to keep pace with the 100 sq ft/min 
rate of tf-:e jet. The sixth men, in this case, operated the injector 
unit and prepared the detergent solution. 

For purposes of orgtmizational control, the six-man teem6 were 
maintained for 6crubbing operations in whPch the detergent eolution was 
dipped from lo-gal cans with the deck brushes. Red sufficient mnpmer 
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been available, the potential number of scrubbers would have been limited 
Only by'the degree of physical interference; but a six-maan team would 
have been required for each of the 2 l/2-in. fir%hoses used for the sub- 
sequent washoff. 

A six-man team wae alvo employed in the operation of the 6000-gal/ 
hrturret. The conotruction of the turret nozzle was such that three 
men were required to maneuver it and stabilize it in operation. The 
bulk and weight of the 2-in. high p~ssure steam hose nade it necessary 
to have two men standing by to aseist when the hose had to be moved, 
The sixth Nan was etatioiled at the injector unit. 

Paint-stripping proceduree requiring the application, of caustic 
soda solution necescitatad some changes in team organization and arrclnge- 
ment. On the decks and other horizontal surfaces uhcre the caustic was 
applied with swabs and the dissolved or loosened paint subsequently washed 
off vith either the 1 l/2-in. firehose or the ~OOO-gal/hr turret, the 
eix-man teams were mrintained ae for experimental decontamination. For 
b&rheada and deck configurations necessitating pressure epraying of the 
caustic, two-man spray teams and two-man hose teams (1 l/2* in. firehose) 
were organized. Because oi" the necessary time interval bctieen the 
spraying of the caustic and the firehosing, these teama functioned 
independently. 

The concept of the two-man spray beam placed one man at the spray 
nozzle and the other at the pumping unit. The two-man hose te?m vas 
adequate and handled the 1 l/2-in. fiwhose without diff?culty. 

.-In the paint-removal operation on the YAC 40, the 1 l/2-in. Pirdhose 
replaced the 60~~gal/hr turret for deck washing. This made it possible 
to remove four men from the higher ;radiation field after the deck bed 
been swabbed with caustic and subsequently to rotate them as relief teams 
at the firehose. 

4.5.12 St~;y Time. The mdiological situation aboard the teet ships 
at the time oP.decontanination was not sufficiently critical to cause 
drastic curtailment of etay tims aboard, and the work periods were Ur$elp 

determined by considerationa of worker fatigue and physical comfort. 
& The average work pried was 30 min in a range f'rom a 1~min minimum, 

when psroonnel were wearing cFc:al protective clothfng aad conXSnuous 
physical exertion wa8 required, %o a maximum of 45 nin, when cooler 
clothing could be worn and the physical ePfort was less strenuous. 

Although the work was diff' &cult and the personnel were visibly 
tired at the end of a 3O-min effort, there seems to be little doubt that 
their fatigue was more the product of heat and humidity than of physical 
exertion. 

4.5.13 Special Protecti= Clothing. Special protective clothing, 
consisting of hooded, one-piece suits fabric&tad of vinyl plastic, rubber 
coated, and rubber impregnated materials, were evaluated under actual 
working conditions for the Buu?eau of Supylies and Accounts and the 
detailed results have been reported sep&ratsly. 

In general, this 3peciaal clothing provided excellent protection 
from contaminated spray and splash as long as the suits remined intact. 
The sufts wem prticularly mlu3ble iu operation6 involving trle use of 

F, caustic solutione. & 
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without exception, howemm, they faih3 to with&and oHWry wear 
ati tear and, because o- f inadoqusto v%ntilatioE, were extreo3say u?lcoi;rfmt- 
able ant‘;_ cppreoefve to the weamr. Certain design featurcrr, such as 
built-in feet and titten,7, Wms found to ?3e diGadvmtcageous. 

Excqt for a few i3pzcific op3~3tiom3, a general need for epacial 
protective clothing for mdic2Logical recovery work is nut preesntly 
indicatoa. I? &eqwzt.e pemsom21-decc&fmf~tion facilitieo a2-e avail- 
able, stmk-iueue coverW.1~ , &x~s, rxbber boota, and a euitible head 
covering are3 sufficient, at lsaet in temperate climates. 

M-63 B 1.33 15 ? 0.5 Do 

;5 I 7% 
_ 
_ 

50-70 - I c M 1 tj 1 3.60 2.17 m! - ” Do 
Hz? 6 150 - ’ - 0.5 
PA I I 6200 

! 

200 - 

D IiLl 1.33 no 
Fil 2 _ 

0.5 PiI 

6 Im 
- I 

FH Ffi 1.0 ao;- _ 

Tun-et / f / E 
I lb 

2.5 75 p+c& 1.3 Resxwl of resid- 
75 _ m.lcontaPinant 

i set upand stand- 
b; tia nat In- 

36-70 - . I 

cl&d 

Strip ~uIs'_,' 2 150 1.05 w 

i- 
coat ‘ .; 2 40 is - 

-I_ -- 

gtxms intensity over the level observed Immzdiatcly after completion of 
the decoutmination operation. In the diecusaion of thie phenoz~!on, 
it ie euggested thrlt it my have re3ufted from preferential parent-daughter 
fractiClatioR of 0i.m or aore isotopsL 

T&,-s fixed fgxzfz3 detect;ore mouxtted above deck on the YAG 39 and 
YAG 40 indicated th8t eizU.ar increabes in gmma inteneity my have 

t occmd efter ehip3osrd decontaminstion. They cannot, however, be 

F d.etected frow the maitordxq sum-eye made with the AEO/PDR-TIB survey 
fu ntetere. 

i . 4.5.15 Eatim%tirq Decontaminsrtim Operatione. The basic iIlforE.stiorl 
derived fro= the ship-decontm$nation atudiee ie aummrized in Table 4.2 
a8 a reference in plim.uieg decommination opemtione. 
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The test d&e am3 irifoxxatfm apply to a cpeclfic coxtazlfz?ant, 
delivered as a wet a&et and having cheztfcal and pbyeical propertiee 
which have been descrfbsd In another report (Reference7). Dry or 
slurry contminante tight have produced varyLx@ results. 

The washdown eysters ie the most-eff'ecttve decontaaisrrtion co-uute~- 
maa8ure pz?esent~ avaiB3blfp and win m3XWe 93 to 9? percent or more of 
en arriving cont.zmInant. This remomlgives a deconta&natim factor 
in the range of 14 to 20 (Chapter 2). The d8contamInation effectiveneeeee 
of the tested procedure lie between factor& of 2 and 4 for eo initial 
p~hee and did not exceed a factor of 8 for % DCC~XNZ paes. Ko significant 
increeeee in effectiveness can be expected through further development, 
but txprovemnt of,techniques and equipxent Can pxwide, mre thmw 
surface coverage and reduce the ampower effort. 

The procedure which provldee effective decontmlnation With IKMBUB 
equipzaent and reseomb3.e eifort (2.17 mm-hr/lm sq ft) Consiete of 
ffrehosi~, hand eerubbfng w&t& a ealt-water-cqtible detergent, and 
firehoeing. 

Firehosing alone hae a possible d8contaminmtPon factor of 2.0 on 
painted steel end requiree a miz&ms~ effort of 1.0 mm-hr pr I.000 eq 
ft. 

I . 

. 

1 

i 

i 

_mtectiae c-tinge, ilsve a potential value b&h ea t barrier to 
radioactive contaximtion end as a meane of facflitatinaQI decontamination, 
but further development and a major improvement 8x-e neceesary. 

Wood decking, even when thoroughly p%yed axtd weh painted, is more 
difficult to decontamimte than painted a*Mel. Surface rezzovaln;9y be 
requied if a decontaminaticn factor greeter than 2.5 le required. t 

Deck amzt, deck mchinery and gear, mets, cargo booms, and 
similar equlpzent, utiaae decontaminated or removed, will contime to 
nmlntai~ a radiatiorr field above deck and in adjoinix@ interior spacee. 

The rste of natural decay %icry prove to be en Important factor In @. 
the detexmlnation of the time at which it is profitable to begin decon- 
tcuaimtion operations fo11cWing 8 con~titf~ event; sinc;u it ia posafble 
that, et early tixes, a contamimnt my decay mm8 m#dlyr than it Can be 
phyeical3yrenrmed. 

Tactical decontamiz&,lon of a ehlp should be a mme opemetion I& 
which all accessible contaminated eurfacee should be ettacked eimultazm- 
ously and tharoughly decontar&nated In the lee& poeeible tixe. Any 
lesser effort, in which a linited ommtion ia extended Oper a protracted 
period, wla fail to adequately reduce the overall mdistion level and 
will result Jia en unnecessary additiomldose to exposed personnel. 

Equip all combat and support veaaele with soze edequate 
washdown eyaten. 

. . 

I“ 

form of “ ,,.<’ 

Adopt an interin procedure cmeieting of firehosing, acrubblng with 
detergent, and firehcsing for tecticel decontmination. 

Detemine a reliable rate of decay of nuclear fission products at 1 

early timea 80 that recovery operaticme can be scheduled to obtafn mxfzzu.& 
effcctimmess. 
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m~are decohtaminatior; bills for ships with and without vaehdoun, 
utilizing all available mnpc~er to dccon+tminate the total weather 
surface in the least time possible. 

Eliminate wood decking wherever possible. If wood decks mat be 
retained, they should be thcxoughly payed, eealed, painted, and nrtin- 
tained in first-class condition at all time. Carrier flight deck6 
should be sealed with a Is;Ox%-@ffeotiVe mterial than flight-deck stain 
No. 21. Redesign or modify weather deck8 to facilitate the runoff of 
contaminated liquid waste. Remove or relocate deck obstructions which 
tend to impede drainage. 

Reduce deck nachfnery, equipment and gear to a minimum, Provide 
diapoeable covers for all euch remaining item. 

Provide adequate stocks of decontamination equipent, mteriale, 
and approved protective clothi% as chip's allowance items. 

Eetablieh and conduct training progmrm to ftmiliarize personnel 
with the decontamination procedure as it applies to their prticulsr 
ship. 

Further investigate the use of the ~OOO-~~I/IP hot-water tu,rret 
a8 a decontamir~tion method. 

Continue the development and testing of protective coati-. 
Investigats the uee of chemical paint strippers as a practicable 

procedure for the tactical decontamination of ahipe. 
Improve the equipment and technique for decontamination by non- 

destructive procedures to obtain more-thorough surface coverage and 
reduce the manpower effoti involved. 
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A fighter-type aircraft w8s inst8lled on the No. 5 hatch of e8Ch 
of two test ships. A epeci81 configuration of w&&down nozzle0 w86 
inetalled around the sircraft on the YAG 39 to provide r-,n effective 
distribution of water on the exterior aircraft eurfaces. No counter 
meecf~~~~ were employed on tie aircrzaft installed on the YAG 40. Record- 
ing g8lsan de'tectora were installed in the cockpit and on the deck forward 
of each alrcmft. 

After each teat, the aircraft and the gamma in6trurmsnt.e were 
rer:aved from the ship and traneported ashore to the decontamination site. 
?!aterial damge etudiee were made by inspection of the aircraft and by 
cockpit and radio checka. A detailed beta eurvey was msde to deternine 
the contamination distribution. Decor&a&nation method6 snd equipm;snt 
wer& evaluated by using data from fixed gamma recording lnstmnts and 
portable eurvey meters. 

The results from these tests indicated that the we&down was effect- 
ive a8 a counternzleasure when employed under condition6 similar to those 
at Operetion Castle. Effectiveness of the washdown after Shot6 4 and 5 
was 9% and 95 percent, baaed on reduction in dose rate. 

The immediate effect on the aircmft of the mlt-water mshing 
and decontamination opcrcitiona thereafter ~6 not serious. In all caees, 
the en@aeo started and the rtidio checked out, but in gome cases the 
magneto droyoffe were excessive. No other effects which would prevent 
these aircraft from being flown were noted. 

The effectiveneee of the initial decontamination of the aircraft 
was influenced by the type of contaminant and by the number of rsinetor%ta 
that occurred between the contaminating event and the decontazin8tion. 
It is estimted that up to 3‘j-percent removal of contamination may be 
effected by rainetorme during any period for several d8ye following 
contamin5ition. 

On aircraft not expoeed to rainstorms or w8shdown prior to decontami- 
nation, the -imum decontcimination efficiency coneidering the decontemi- 
n8tion effectiveness, time and mnpower, ia obtained by using one fire- 
hose or hot-liquid-jet wash, either salt or fresh vater, followed by one 
thorough ecrubbing with detergent or Gunk solution, with a fin61 fresh- 
w8ter rinse. 

On aircreft oubjected to severe rainstorms or washdown prior to 
decontamimtion, the maximum decontamination efficiency ie obtained by .- 
one thorou& scrubbing with detergent or Gu& eolution with Q fin61 
freeh water rinse. 

P. The final rinse x~y be ealt or fresh water, as far as decontanination 
t 16 concerned, but fresh water hae been specified to eliminate the corrosive 

effect8 of the aslt water. 
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The contamination distribution on the aircraft lbae not uniform and 
depended to a g-t extent on the course and epeed Of the ahip, the 
direction and velocity of the wind, and the type of contaminant. 

5.1 OBJECTIVES 

The general objective8 of the aircraft phase of Rroject 6.4 were 
to: proof test the wa8hdWn counternmaeures on aircraft; evaluate 
decontamination procedures for parked aircraft eubjected to radioactive 
fall-out; and aecer4zi.n the radiological situation on them. The= 
objectives required the following specific determinatione: (1) WaShdOWn 
effectiveness on aircraft; (2) extent of material damage caused by salt 
water Wa8hiSIg; (3) effectivenees of various decontamination procedures; 
and (4) contamination distribution. 

5.2 BAcmom 
._ 

! ;’ 

Studies, based on data from laboretory investigatione and test8 at 
Operation Croseroati, had been conducted at RRDL to determine the extent 
to which countermeasures are required and the optimum decontamination 
procedure8 needed for contaminated aircraft. Although conclueione from 
these etudies were tentative, they provide& sufficient inform&ion to 
plan a full-ecale test for aircraft in a situation likely to be encoun- 
tered in nuclear warfare. 

In 1952, simulant teste conducted aboard the USS SBISPJCRI U 
(Reference 2) included investigatione to determine the effectiveness of 
a waahdovn system in reducing the level of contamination on can aircraft 
subjected to a radioactive fallout. These test8 we= mde with the 
washdown nozzles installed on the flight deck around two aircxsft. The 

&A result8 indicated that the waehdown could provide a significant reduction 
in contamination but that the distribution of water over the 8uHacee 

, aft of the leading edge8 wae not adequate. The results most nearly 
approaching the potential effectivenese of the waehdovn were obtained 
when water dietribution was enhanced by mmeuvering the ship. Thue, it 
became evident that the effectivenese of the washdown coutermeasure on 
aircraft exposed to radioactive fallout would be satisfactory if efforts 
were made to provide the beet-poeeible water distribution an a carrier 
deck holding aircraft etacked in the nozxr%lway. 

Prior to Operation Castle, an aircraft scheduled for salvage wae 
obtained from NAS Alameda and ueed to study the distribution of water 
on aircraft ourfaces. Nozzles like that in Figure 5.lwere placed around 
the aircraft in temporary mOu&inig8 in a configuration which gave the 
water coverage ehown in Figure 5.2. This teat indicated how additional .' 
nozzle8 were to be added to the ship's system to provide adequate waeh- 
ing of the aircraft. 

Iaboratory and engineering scale studies had been conducted at HRDL 
to determine the effectiveness of varioue decontamination methoda and 
the effect of different aircraft surfaces on retention of contaminant 
and on the decontaminstion-~rfarmsnce. Flat surfaces haviw relatively 
small areas were used in these tests. Decontamination of operating 
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Figure 5.1 Wfu3hrlabpn nozzle in operation. 

P- 
&s 

Figure 5.2 Prelixaimry wadcbwn system for aircraft. 
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aircraft h%d been arccomplished %.fter aircxaft h%d flown through 8 con- 
tzuninsted cloud, (Reference 8) but no etudies had been m%de on psrked 
Naval aircraft subjected to a raOlo%ctive f%llout. 

From the foregoing materi%l, it ie cleer th5t further infolPltion 
about the cont%min%nt distribution on aircraft, the effectiveneee of 
aircraft decontamination procedures, decont%mination equipment, and 
supply, time, and manpower requirements were all needed to complete the 
aircraft decontaninstion studies. 

Since there were more combinations of method5 of decont%min%tion 
to be tested th%n awl&able aircraft, test plate5 were substituted for 
8dditional sircssft. !Three x&e of pl%tee'were ueed on each test---one 
to bo de,zont%min%ted by the 80~~3 method5 %5 used on the aircraft, the 
rexrminlng two to be decont%min%ted by the method5 traed on the teat air- 
craft after the other two ehote. Ry this me%n5, the test pl%te ro5ulte 
could be used to esti.m%te the %ircr%ft decont%min%tion effectiveness 
under variou5 test conditione. 

To obtein inform%tion on the effects of the e.*Jt w%ter used In the 
vashdown and decont%min%tion procedures, the %ircrMt engines were turned 
up before the tests and ae soon ae possible after the w%shdom and decon- 
tamination of the %ircraft were completed. 8180, 8 visual inspection of 
the expoeed ferroue part5 of the aircraft ~85 m%ds about the 581~ tirx+ 
to detect salt-water daumge. 

The teat procedures and accumuletlon of data were designed not only 
to meet ths5e need5 but also to obtain inform&ion for use in the tsctical 
situation (Reference 9). Rnctical decont%mln%tion (or decont%min%tion 
during the tactical situstion) in defined 85 thofle procedure5 which are 
required to permit tactical operation5 from the time of an atomic attack 
to the completion of the operation%1 mietlion of the aircrerft, its carrier, 
or the task group. 

5.3 IKSTRWTATIOR 

The instrumentation for the aircraft decontamination ph%se of 
Project 6.4 vats prlnrrrilg concerned with instruments for fixed ganrma 
recording and meana for making standardized bet% and g%mm% surveys. 
Equipment al50 had to be provided for the decontamination oper%tione. 

2 3.1 Fixed O%mm%Recording A fixed g%xn% recording instrument 
w85 i&t&led in the cockpit of e&h aircraft and designated as Station 
69. Its purpose wa5 to determine the radistion intensity and doeage to 
the pilot at any time or for any time period. 

A similar instrument ~8s installed on the Ho. 5 hatch of each chip 
just forward of the starboard wing and w%a designated a5 Station 70. 
This station w&e chosen as the ground or deck reference in determinations 
of intensity and dosage in the ixmdiate vicinity of the aircraft. It 
was alao a reference atxstion on the ship for comparison with other deck‘ 
stationa. Locations of the fixed gcmma recording inetrumnts are shown 
in Figure5 5.3 and 5.4; dot&la of their operation are given in Chapter 
8. 

These instruments provided a continuous record of the ~sacrss radia- 
tion intensity snd dosage aboard ship for approxinrately 70 hr after 
burst. When the aircraft vex-e relnaved from the ships to the decontamins- 
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Figure 5.3 Location of fixed gmm recording stations. 
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Figure 5.4 Plan view of’ the fixed gang recording stations. 



aboard ship. A continuous record of ~amsa tiiation intensity was,made 
during the decontatination operations. 

3 3.2 Sumye. A definite pattern of survey pofnta was used, and 
a 8tan~atiized method vP.S followed iU %kiw beta and GaICzB Survey8 On 
the aircraft. Each aircraft wa8 mrked with 56 identical 8tatfOn8,,WhiCh 
gave a fairly even distribution of locations according t(; area au1 tyFa8 
of 8urfaco8 (vertical, horizontal,, etc.). Fim D.37, Appendix D, ehcX?er 
the location of all the regular survey etatlons on the aircraft. A 
typical view of 8OI89 of the survey pO!nts 18 shown in FQure 5.5. A 
uniform technique wa8 used by all the monitore fn taking both the beta 
and ga3vm3 survey reading8. The instruments were held about P/2 In. from 
the eurface with the bottomand left eide of the inetrument over the 
line8 lasrking the survey point. D@sdiQ$8 were taken with the beta and 
gamma survey instruments at all of these location8 before and after each 
decontwination procehre, Figure 5.6. The aver2?@ Of theBe iadfvidtd 
reading8 (ap~orimetely 50) for all surveys except those on th% aircraft 
aboard the TAG 40 after Shot 2 was used in calculating the beta and 
gag decontamination effectivenees for the various ehote. After Shot 
2, them were 20 extra stations on the aircraft aboard the HAG 43; their 
location8 are 8ha#n in Figure D.38, Appsndlx D. 

Beta r&ding8 were taken with the WRDL RDI-12 eurvey instrument. 
Because theee readiry;e are probably an accurate representation of the 
beta activity on the aircraft 8urface1 they were used for the contamina- 
tion distribution 8tUdie8. 

Gamma readings were taken with AN/DDl'? Ti-B survey Instruments. 
These readings, especially those taken on the Out8ide verticalww 
section8 and the sides of the fuselage, undoubtedly inclut?ed not only 
the radiation from the area dlrectXy under the instrument but aleo 
baCkgrOUnd radiation from the co&am&ant on the opposite aide of the 
wing, the fuselage, and the other wing. 

Wipe samples were taken on the aircraft surfaces before any decon- 
tLminatian WAS b%gUn and a&pin after certain decontamination proceases 
were comdleted. Approximately 3 8q in. of 8ur-faCe area Was Wiped each 
time with standard chemical filter paper. 

The survey personnel were fUrni8h8d by the survey Group but operated 
under the supervieion of the aircraft lnvest',gatore. Details of the 
organization and training of survey personnel, Instrument calibration 
and evaluation, and *he procedure for obtaining am3 counting trip8 sareples 
are given in Chapter 9. 

2 3 3 Decontamination Equipment. All the equipment used in the 
decont&&ation operations was commercially menufact ~dandwaereadily 
available with the exception of the hsavy-duty cleaner (Fim 5.7). 
Thi8 heavy-duty c&Xn3r was one Of 8iX 08peCially EnanufactUiWd for the 
Army Chem$cal Corps. Although this particutir cleaner 18 not a commer-. 
cial item, it8 main components, the steam generator and hot-liquid-jet 
unit are available. The cleaner wae.equipped to provide a concentrated 

1. Mf'& by Vapor Heating Corporation, Chicago, fmuOf8. 
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tion md R8hOPe after each test, the inf3trU3BXlt8 W%re removed at the 
same tims and set up around the aircnnft oimflar to their former locations 
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Figure 5.5 View Of cockqit area showing t&e condition Of 
the painted rut-faces and mme of the sxurvey points. 



Figure 5.6 Survey teams taking beta and gtsxua survey 
readings. The white dome in the right foreground 
contains the fixed mamma detector Station 70. 

eolaent, a steam vapor, or a cold rinse, but these featurea were not 
used during the decontamination operatlone. 

The hot-l?:: id-jet utilizes steam paeeing through a venturi to 
pick up both water and a detergent solution and combines them Into the 
hot-liquid-jet (see Figure 5.8). Since the freeh-water supply is limited 
aboard ship, salt water was used part of the time ae the water eupply 
for the decontamination ope~tion6. The detergent solution wae a 20 
percent solution by weight of C-120 detergent In ealt water. The hot- 
liquid jet entrained 5 percent of thie eolution, thue giving a l-percent 
detergent solution at the nozzle. The steam-supply preeaure to the 
hot-liquid-jet unit 
8ure requirement is 
hot liquid jet at a 
The f+i chartsand 
and with salt water 

Fiehosiw was 
in. nozzle and at a 

wa6 approximately ,lOO psig and the Inlet water pres- 
over 7 prig. These condition8 produced a lOOO_&/hr 
temperature of 170% and a pre~lsure of 160 peig. 
equipment hookup for the hot-3iquid jet with freeh 
are shown in Figures ~-36 and D.17, Appetilx D. 
done with a three-way (open, fog, and closed) 1 l/2- 
pressure of about 8~ p&g. The flow CIXMJ and equip- 

ment hookup for washing with the firehose is shcran in Figure D.14, 
Appendix D. 
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Figure 5.7 Rear view of heavy duty cleaner showing control 
panel and hook-up for use as a steam generator. 

Two test ships, the YAC 39 equipped wis!~ a washclown evstem and the 
YAG 40 without one, participated In Shot8 1, 2, 4, and 5 with aircmft 
and t%t plates aboard. During the test operations, these ships were 
maneuvered through the fallout area together, but because of circum- 
stance8 they did not maintain the desired poeitions at all timen. Snots 
2 and 4 were postponed 14 day8 and 10 days, respectively. This delay 
exposed the aircraft and test plates aboard the shipn to weather during 
thier perid. Shot 5 was fired on echedule. MO dati were obtained from 
Shot 1, because the ships did not receive any significant fallout. The 
beat data for washdown evaluation were obtained from Shots 4 and 3; the 
best data for the effectivenees of clecontemination procedures were 
obtained from Shota 2 and 3. 

The aircraft were Navy F4U'e and were loaded on the Rio. 5 hatch 
of each ship with their wingo in the vertical positions approxilmtely 
two days before the ships departed for Bikini. A YC-type Naval barge 
was used to transport the aircraft to the ship and a construction-type 
crane in an ICU was used to lift them onto the ehipa. The fixed gamma 

5.4 OPiZMTIOmS 



~fgure 5.8 c?pdor adjwing: co&o1 WLI.VW OZI the hot- 

liquid-jet unit. ThR unit is secured on top of the bwrel 
which holds the detergent solution. 

p’ 
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inetruments were Installed and tested ut this t&m. 
A panel rack holding nine test platee vae placed on each 0% the 

two chips for each teat. It vas located In all teeter elommlde the rear 
of the Ho. 5 hatch on the starboard side facing forward. The mck M8 

constmcted so that the plates vex-e inclined et about 30' f?xm the 
horizontal. the 1/8-b. eab~uzinum test plates vem each 16 in. by 16 In. 

and were yainted on one side with oae coat of wa P pri=-, 
i:i#o coats of 

zinc chromate and tvo crate of sea blue lacquer. $he plateswem 

1 specification MIL-L-7178. 
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painted in November 1953 at XI!%, and we= protected from weatherfng 
until they were placed on the panel rackha the day beitxe the event wae 
firot ocheduled. 

On completfon of test runcps the aIrcraft, instrum?snts, atd teat 
plates were unloaded aa soon ae the r~Hologlcal situation permitted Jr' 
and traneported to the Air Force decontamination pd on Site Fred. At 
thie tWs, the aircraft abawd the HP,@ 39 2188 giwtn a thorough inspection , 

for m~ttwial damage and that abcard the YAG 40 a cursory one; the fixed 
gaxm recording fnotmnts were hooked up a& the initial beta survey 
for contamisstion dielributfcn were made bePore ii.acontamInation was begun. 1 

, Thorough inspection for mtm=ial damqp of the YAG k:O aircraft wae post- 
poned until after the decontrsmination wae completed, became of the high 
initial cont@rrslirnation. 

5.4.1 w88hdUUZL Only the aircraft on YAG 39 wa8 eubjected to. 
washd&n during the teste. A8 can be 8een in Figux%s 5.9 through 5.11, 
complete water coverage on the aircraft eurfaces was not mintained all 
the time. The distribution pattern of the water from the vashdarrn 
8yatemwas largely depizdent upon the direction of the wind relative to 
the chip and the ship@8 speed. The condition where minirmm effective- 
ne88 f’rom the vaehdown syetem might be expected ie illustrated by Figure 
5.l.l. Maximum effectiveness of the waehdown efsten can be achieved by 
maneuvering the ship in a einueoidal cour8e into the wind during the 
fallout pert&i. Such a course was not steered during the fallout period8 
of cQe=tion @8&lz. 

2.4.2 Bterial'Dsmage fne.pxtion. The aircraft on YAG 39 were 
eubjected to (B ealt-water t?ashdown aboard ship, and the aircraft from 
both ships were subjected to liquid deconta&&ion methods employing 
strlt water at the docor~taminstlon site. To approximste the groee damge 
done by this liTaid treswnt; a thorough xmterial damage study wa8 msde 
on the YAG 39 aircr~af% immediately'at the deconWtmi.~tion site and on 
the YAG 40 aircraft after decontamination had been completed. 

. 
Thie 

study consisted of a cockpit check, radio check, and a vfsual inspection 
of the aircraft for corrosion and visible dsnnrge. The item8 included 
in these checks are listed in !Rxble D.l, Appendix D. 

. 

The four aircraft used in this project had been given Type C 
preeervation at Alsmede NAS in January 19% before they were 8Mpped to 
the test cite. Two aircraft were de-preserved prior to Shot 1, used in 
Shots 1 and 2, and re--served. Two other aircraft were de-preserved 
prior to Shot 4, used in Shots 4 and 5, and then re-preeerved. Bbl6 
5.2 8hUWS when the aircraft were de-preserved, re-preserved, and how 
many day8 they were aboard the test ship8 without r&ntenisnce; it aloo 
summarizes the cockpit and radio checke. 

Theee aircraft were near the eti of their service life. At the 
teat elte, they were oubjected to e&rem% tropical conditions with 
limited xxintelasnce, because only two Navy maintenance personnel were 
avallable to work on them. The nraintenence personnel wew able to keep 
the engines in operating 'condition but not at top performsice. 

5.4.3 Decontsuaination Methcd!s. Three method8 of decontami~tion 
?ere used: 1) 8aPt-water xcrshing with fire hose: (2) fresh- or salt- 
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lQp3-e 5.9 Wat3Mm 6ystern in operation on the YAG 39, 
view from aft. 
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Figure 5.10 Wash&ia system in operation on the UC 39, 
view from port side. 

water washing with a hot-liquid Jet; asd (3) scwbbing with detergent or 
Gunk folloWed by rinsing with the hot-liquid jet uaizzg fresh water. 
Table 5.1 gives the mthods of decontamination used and the cmonent 
steps. 

Tactical emergency mthods of decontamination were used first oc 
the sircraft and test pfatea and were folloved by tactical operatioml 
and industrial methodc of decontamination. 

Decontatination by firehosing was done by two crews who began 
at the nose of the aircraft and proceeded aroUnd each side, Washing the 
surface fro3 the top down and nrrintainiug such an Incident angle betxeen 
the Water stmam and the susface that a minimum amount of splash Was 
reflected towards the operator. A fork lift was used to raise one of 

the nozzle msn and ,hO8e, as shown in Figure 5.12, to Waeh the top Of the 
fuselage armd eugine. The wing tips were left in the vertical position 

during this decontamination. Each crew directed Its stream of Water 
over the fuselage and Washed the inboard edge of the wing tip on the 
side of the plane opposite from the crew. During the first decontamina- 
tion effort on the aircmft, from the YAG k0 after Shot 2 only one 1 l/2- 
in. firehose and IIOZZie Wa8 Ueed for the e&ire ODeX%tiOIL The SeCOnd 
decontamination of t'na same airCI33ft Wae accomplished With two crews 
using two 1 P/2-in. firehoses and nozzles. The three-Way nozzles wem 
used in their open position. 

The procedure in decontaminating with the hot-liquid Jet Was 
eesentially the same as with the fiXT?hO8e. EoWever, only one hot-liquid- 

roughly divided into six 
each coul6 -be waohed with 

’ v- 
. . Ati 

Jet unit a& lance ~a8 used. The aircraft ~a8 
eections of approxixmtely equal cxreas, so that 
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Figure 5.11 Washdmn system is operation on the YAG 38, 
view from after port quarter. 



Figure 5.12 Rinsinf5 with the hot Liquid jet showj?rJ how a 
fork lift was used to aUow the nozzle-mm to wash to top 
of the fuselage and engine. 

the detergent solution and then rinsed with clear water before the area 
dried. When all the sections had been treated with detergent and rinse, 
the entire aircraft was then given a complete rinse with clear water. 
!Fhe same procedure was followed with both the fresh -and salt-water supply. 

The procedure USed in decontamination by scxubbing follows: When 
C-120 detergent was used a8 the cleaning agent, the area of the aircraft 
was again roughly divided into six sections. The hot-liquid jet was 
used to apply a detergent solution to the first section and then turned 
off. Next, three to six scrubbers with long-handled brushes and buckets 
of detergent solution scrcbbed the section in such a manner that approxi- 
mately 10 strokes of the brUah were applied to all the surface. The 
clear hot-liqcid jet (without detergent) was then used to rinse this 
section. The same procedure WaS used in turn on all the other sections. 
When all the eectfons had been scrubbed, a final overall frY$Eh water 
rinse was given the entire aircraft. 
"single scrub." 

This procedure was called the 
The "doUble scrub" method consisted of repeating the 

p: 
scrubbing and rinsing operation on each section before moving to the 

B 
next without monitorird between scrubbings. 

When C-147 (Cur&) was Used a8 the cleaning agent, a solution of 
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one prt C-147 to eight parte kerosene wae sprayed on the aircraft from 
a preesuretank. The aircraft were scrubbed with bruehes dipped in 
buckets of Gunk oolution in the manner described above and then rinsed 
twice. The fir& rinse was hot-liquid jet With C-120 detergent to 
remove the C-147 solution. The second rinse was a clear fresh-water 
hot-liquid Jet (without detergent) used to rinse off the C-120 deter- 
gent solution. 

3.4.4 Contamination Distribution. Detailed beta surveys wera made 
with the NRDL RBJ-12 beta survey instrument on the YAG 40 aircraft rfter 
Shots 2 and 5. Information obtained from these aurveye was used to 
determine the contamination distribution on the aircraft. The results 
of this study cannot be considered representative of the condition which 
might be encountered on the deck of an aircraft carrier, because the 
location of the 
fore and aft by 
currents. 

aircraft on the No. 5 hatch of the YAG 40 was sheltered 
the dip's structures, which resulted in different wind 

5.5 DISCUSSIOM AN'DRESULTS 

Aircraft waehdown and decontamination results are treated under 
five headinge: washdown effectiveness, lnaterial damage, decontamination 
effectiveness and decay, comparieon of decontamination methods, and 
contaminant distribution. 

2 5.1 Washdown Effectiveness. . The effectiveness of the washdown 
system ahown in Figures 5.13 and 5.14 le based on the data recorded by 
fixed ganar9 instrU&nte located in the cockpits of the aircraft on both 
ships. Gnly resuite from Shots 4.and 5 are included. 

Analysis of the data after Shot 4 indicated that t'ne ehipo were 
eubjected to equivalent contaminating evente. A similar study after 
Shot 5 indicated that there wao a significant difference in the con- 

ti tamination received by each ship. These analysea, the contamination 
ratios which were developed for Shot 5, and the general aspects of the 
washdown study have been discuseed in Chapter 2. The effectivenees 
values for the waohdown ayatem were determined by comparing the doee 
and dose-rate values recorded at Station 69 in the cockpit of the 
aircraft on the YAG 39 to correeponding values recorded at the same 
location on the aircraft from the YAG 40. Thus, the effectiveness 
values may be expreesed as: 

dose or dose rate valuee on YAG 39 x 100 
Percent of effectivene88 t 100 - aoee or dose rate value@ on YAG 4d 

The effectiveness values for Sh& 5 shown in Figure 5.14 are baeed on 
the corrected valuea (including contamination ratios) rather than the 
actual recorded data. Effectiveneso values based on doee and dose-rate 
information are included for both Shot8 4 and 5. The latest periods 
time for a comparison of the effectiveness values are at 5 hr after 
Shot 4 and about 12 hr after Shot 5, because the basis of comparison 

r: 
& Up8et by a rainstorm at this time after Shot 4 and fallout Continued 

after the washdown had been turned off at 12*hr after Shot 5. The 

of 

wae 
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effectiveness values based on dose rate are most simificmt to the 
aircraft studies, oince it ie assumed that the plane ie secured and 
unmanned during the fallout period. After fallout has ceased, the dose- 
rate effectiveneea value may be used to predict dosages for any subeequent 

I 

period if decay rates are kmm. St alao permits tn evaluation of the * 
washdown effectivenese in terms Of reduction of dom3e tbt will be 
accumulated by the pilot in flyine; EI r&MoL 

Complete information about the gamma-radiation intensities at 
earl? times aboard the test ships ia given for Station 69 and 70 
in yiguree ~.1 through D.13, Appendix D. Pertinent information for 
Shots 2, 4, and 5 are included. The washdown effectivenew for aircraft 
given in this chapter used the data from the cockpit 8fMion only. 
The radiation intenaitiss f5.Z Station 70, which was set up to record 
dosage in the near vicinity of the aircraft, are of the Oboe order of 
magnitude a8 those reported in Chapter 2. 

4 

this test was not exactly characteristic cf what might be expected 
on a flight deck, because thia was en ideal washdown system and there 
was a difference in ship'8 structure and only one aircraft waa used. 
Furthermore, no exact nrethod could. be used to determ!.ne the extent to 
which radiation from the ship's structure contributes to the inteneity 
recorded in the cockpit of the aircraft and the extent to which the 
radiation from the aircraft contributed to the intensity recorded at 
deck Statior? 70. However, an indication of these two contributions was 
obtained when the aircraft was removed from the YAG 40 at 55 hr after 
Shot 5. Station 70 wae not removed when the aircmft wm traneferred 
to the decontmiaation pad and was alloued to run for a period after 
the aircraft was removed. Aa can be seen from i!Yg;ure D.11, Appendix D, 
the radiation intensity at Station 70 was decreased by approximately 1 

20 percent at thie time. The gamma-intensity level at Station 69 at 
50 hr, ae shown in Figure D.lO, Appendir D, was decayed to 60 hr. This 
level was compared to the level that was observed at the fame station 
after the airCxWt and instruments were transported to the decontamina- t 

.‘.A Ian pad, and it was noted that the intensity in the cockpit ~88 25 
Percent lower than it would have been had the aircraft remained on the 
ahip. TheBe data are quite interesting, because they indicate the 
aircraft contributed about 75 percent of the radiation to the cockpit 
station and only about 20 percent to Station 70. These data further 
demonstrate the need for a countermeasure to be employed on the aircraft 
before the pilot flies his mission, because the structure. itself is the 
prime radiation contributor to the intensity level in the cockpit, 

It ha8 been shown (Reference 10) that a countermeasure such as the 
uashdovn, which gives at least %-percent redL:ction based on dose rate, 
is required for adequate protection of the aircraft and aircraft carrier. 
A8 can be Been from Figureo 5.13 and 5.14, this reduction in dose rate 
w8e achieved during Shot 5 and came very close during Shot 4 It is 
reasonable to expect that an even greater reduction should be expected 
under Conditions similar to those at Operertion Castle, if the washdown * 

sYete= fs refined and the course of the ship i8 controlled to distribute 
the waehdown water better. 

5.5.2 eterial Damage. When the aircraft were unloaded after Shot v 

1, they hm bwn W~thOxti IBintenance for only 7 days, and both checked 

1% 
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out mtiefactorily. Eowever, aftor they vere eubjected to a 19_day 
period before Shot 2 with no m3iiitenmce, the performuce of both air- 
craft WI3 advereely iwpsctsd. !I'& sscond group of sircrerft were rrubjected 
to a 170day period on the teet shlpe before Shot 4 and a !j-day period 
before Shot 5 without maintenance and showed a eimllar impairment of 
performance dut etlpecially to magneto dropoff. The only damage evident 
that would have grounded the aircraft after they had been subjected to 
the alt-water washdown and decontamination wae the excessive magneto 
dropoff. 

T&Pe 5.2 eummarizes the cockpit and radio checke and ehowe wh8n 
+be aircraft were de-preserved and r8-preserved and how rrany daye they 
were aboard the test ahiper without maintenance. The detailed material 
damage chsck sheets are given in Tab136 D.l through D.8, App8~3ix D. 

Minor items of damage noted during the lnepectionts were ex+sefve 
water where the lead goes into the spark plug an8 esauy caee8 of corrosion 
of unpainted ferrous metals. IWee were not consid8red caerioue, because 
they would be corrected during normal maintenance procsdures. 

These aircraft were not flown at the teet site; consequently, the 
operation of the landing gear could not be checked. 

Th8 excessi= magneto dropoff might be kept to a minimum by install- 
ing a quick-removable cover which would cover the for~~rd part of the 
engine cowling and shield the front bank of cylinders from the ealt : 
water. Alero, in a noms1 operatlng eltuation, the aircraft would be 
turmd up 88 800~ aa possible after th8 f&t-water waehdown, which 
would furthsr reduc8 the magneto s-ropoff. 

. Thetotaltlme 
betveen the start and finish of the decontamination of an aircraft 
varied from 25 to 100 hr. Decontamination operations were performed 
only during nmlworklng hours, and since part of the reduction in 
contamination WWJ due to decontamination and pert to decay, it was 
necessary to u8e a decay rate to calculate th8 amount of decay to b8 
subtracted In determining the decontamination effectiveness. The decay 
factor wa8 applied to the reaulte of the beta surveys (used for contad- 
aation dietribution atudlee) and gamma Surveys (ueed for decontamination 
data). Ho decay factor wae needed for the data from the fixed m 
recorder, because it gave a continuoue record. 

The average beta and g;3.pma decay rate for the ehote in w 
aircraft participated vas calculated as bging approxlnately t' !ie 

i h the 
l l 

This figure vae used for all beta decay calculations. 
In analyzing the data recorded by the fired gamma instruments " 

during the decontanination phase, it was apparent that the decay after 
each individual decontamination treatment did not resemble th8 usual 
decay patterns. An Increase of radiation inteneity occurred each time. 
An apparent stabilization then occurred; after this, the decay slope 
was similar to the decay observed before decontamination wa8 begun 
(see Figure 5.15). This same phenomena haa been obagrved in labora 
work in which a fiaeion product mixture reeulting from U235 and U23 Q 

ory 

Irradiated at the National Reactor TeBting Station was used. The t& 
and percent increases obeerved in the field were eimilar to those observed 
in the laboratory work. This phenomem was attributed to the preferential 
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aircraft from the VBlG 40 dur$ng the decontamination 
phase after Shot 2. 



. ; \ 
-.. 

-. ._ 

.- 
!, 

--\ 

i, 

.-: . 
2 
“‘I’ 

,‘,J , 
, 

.I 

-. 
\ 

._: 

<* 
., 

- : 
‘4 

.:’ I 

- .,,’ 
/ 

.!. 

‘.. _ 

. i. 
’ t .r 

__ _ * ,__.. ^_ ..- .._ ,_ _._ __ _,..__^-.m-.. ---F(.-*, “.w-v*.--~.+x*^--__ ._,. ._ 

rtmmal of &m-t-life dmghtere bg tfm decontamination procese and the 
COIu38~U%Et dfsturbixx of the QQUilfbriUL3 bettatloa the dau&tar e& the 
gment. &X4W38 of thee8 SiqW%nt d%vi%tiozs fz?m th8 docar rest% oi 
t-leb, calculations vex-% baaed on the data frozi the fixed gmm xvcorder 
and gmms eurmye to derive dewy mtss papplicrable to tbsss ptiicu3.m 
test oper5tione, I.e., intetittent alrg=&t d%contx?misation. These 
decay mtee were t-O.9 for Shot 2, t’x*a for shot 4, and t,-1.0 for 
Shot 5 and have been applfed to the gmms~em$ data. 

To d%t%r&n% 431% perceutage contributions of dscag and decontaml!x+ 
tlon to the reduction of th% inftir-1 (or before-docontamInation) radtrr- 
tion lnteneity, the itied gWBs3 data w%r% SnaSyzed to ffxu3 the contribu- 
tion of both d%cay‘and d%contmixW,lon at each irdivfdual step. (me 
total contribution of esch reported in Tables 5*3 ati 5.4 VW then 

- 

Mod oder contmninatbIl 

DeoonOLti&) (272, -=-4b Reauct1on oy a-t-6 

x33 Deoontamlnetlon 
hw cz, 

l8t 572 lo =9 a33 

2d 133 14 142 m 

s 277 29 44 204 

4th 2@4 23 86 95 

5th 95 9 14 72 

6th v 1 7 64 

7th 64 7 I4 43 

mtal 94 436 -- 
ms cefltoforlglm3 revel l6.3$ 76.29 7.& 

(a) ~afcr ti hbt 5.6 for l dercrtption UBA percent rductioo affecti 
by arch Qecontakbatlon procere. 

(b) ~w&e$cWed fra crd of om &can-tion proeere to end 
. 

(c) Percent of ori&ml level remin- after decoetcrfmatloa effort. 

determined. These results shanr that an overall reduction frcza decay 
and decontsminstion of 92.5 percent wae achieved nfter Shot 2 and a 
reductfon of 92.8 percant was achie=d after Shot 5. Of these total 
reductione, 76.2 and 70.4 percent were effmted by decontmimtioa 
alone after Shots 2 and 5, raegectively. 

2 5.4 Cmmirlrron of I)econ+~mirreatlon Methods. Fallowing the con- 
tamirs~lng events, the aircpaift and teet plates wex~,mcelved ashore 
in three conditions of coneebmlzstlon which affected the decontamfaation 
rueulte. Theas were: 

conditioxa A. After elight wacshing (one minstorm), test ptitee 
and aircraft from TAB 40, Mter Shot 2. 

CoxIditlon B. After w~hlng by heavy minstm, test plate8 and 
aircraft from YAG 46, after Shots 4 and 5. 
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(a) Skier to %ble 5.6 ?or a daaneriptitm md percent rulwtiou effected 
by each dcieontaalnmticm procero. 

(b) w c-ted frs end of w decoaUa?rti~ ~SS 'CO cad of 
ma. 

(c) Parcent of orlgirl level mmining dtar&contub8timcfi0rt. 

Condition C. After washdown: aircraft from YAO 39, after Shots 
4 and 5, e after prior decantamination; test plates and aircraft from 
YAG 40, after Shots 2, 4, and 5. 

To fully evaluete the vsrioue decontamination methods, it vas 
necessary to use the combined test-plate and aircraft-decontaminbtion 
results for 8 comparison of the methods under +&eae three conditions. 

The figed gamma detector gwe a continuous record of the cockpit 
radiation intensitlee and provided sufficient data to give the contribu- 
tion of decay and that of individual decontam%nation methods toward the 
overall rsduction of the radiation field. The gamrcs-survey data were 
used 8s the basis for comparing the effectfveness of decontcminatlon 
methods, since meaeuremsnts of this typs vere made on both aircrcrft and 
test plstes, A percentage comparison of the decontamination effective- 
ness determined from fixed gamma data and the aircraft gamms-survey da- 
averaged for each aircraft on Shots 2 and 5 were in close agreement, 
although the rertlos of intensities as determined by the two types of 
msasuremsnts were different on the two shots (see Figures D.30 and D.31, 
Appendix D). 

The three conditions of contzmlnation were based on the psrcantage 
of contaminant that hsd been removed by rainstorms, washdown, or decon- 
tamln?3tlon. Condition A hsd slight or no remowl of contaminant. 
Condition B covered the range from Condition A to an estimted 35-percent 
xwmval of contamination by reinstorms. If one takes the difference 
between the anticipated 45-percent removal of contaminant by firehosing 
from the slightly washed or unvashed aircraft and &psrcent removal by 
the @me m&h& from 
resulta an estln%ted 

Shot 4 test plates af‘ter heavy rainstorms, thers 
35-percent removal of contaminant that r8.q be 
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accmplished by ~lnotomre txtmzm3. days after conmtio~ ssd prior 
to deco&m&x&ion. Condition C ie subdivided into C-l, which includee 
the raahr;cs of 35 to 60 percent of mmom1 by prlozz deccnixmlmtion 
(firehorsing or hot-lfquid-jet washi%), end C-2, vhich had approximtely 
Bpercent prim reamal by =ehdcPkn. 

The weults for decon+~mfnation of sircraft un3er the three 

conditiona of contamirrrtion were baaed on the 
data obtained from the decm+Qkulmtion of the 
platea. 

Condition A. 
1. One fi&?hoefng removed 35 percent of 

actus Fmd flzterpolated 
test aircraft and teat 

the original contassinant 
and is capable of rmoving 45 percept. TWO geisaes with 6 flrehoare 
removed a total of 30 percent of the lnltlal conta&xmt. Rersultg of 
the'inlttil decontmimtion of the azircraft fkm the YAG 40 after Shot 
2 showed that a eingle 6-min (20,000 sq ft/hr) firahoeing mwved 36 
percent of the origfrrei contaminant (eee Table 5.5). Since a secmd 
24-~aain (5,000 eq ft/hr) fimhoeing with two nozzlee brought the total 
amount removed from the @se aircmft to 51 parcent, It 9~ aaauad that 
a longer and m-m-thorough inltilrl fIrehosIng is capable of removing 
up to 45 percent of the original contmlnmt. Thus, two paseas with a 
firehose removed a total of 50 percent of the initial coatatirsmt fk-oa an 
aircnrft; th+ amount rercoeed by each p&se depended upon the t&s &nd 
thoroughness of the waahlng on each pass. 

2. One hot-liquid-jet washing ie capsble of rerao~ing 50 to 60 
pescent of the fnftisl contaminant. A eecond pmm will remove little 
addition?31 contaraiBmrt. These figuree am baaed on a co&laation of 
teat-plate data and paat experience. The resulte from two oete of 
teat plates from the TAG 40 after Shot 2 timed that one hot-liquid-jet 
waehing ie 18 and 21 percent mm effective than m single firehosing. 
Adding the average of them (19 percent) to the firehoeing remIts for 
Condition A4 gives 50 to 60 percent of remma1 for 8 single hot-lfquid- 
jet us8hing. Test-plate reeulte from Shots 4 alrj 5 indicate that: no 
additio;ral contaminant ie removed by a eecond hoz-liquid-jet washing 
(see lRsble 5.6). E 3ver, pat experience Indicated that trove contaml- 
nant is remwed by a second pms. 

Condition 8. 
1. One firehoaing remed 5 to 10 percmt and two gaesee with 

the firehoee removed a total of 10 to i5 percent of the ruminfng 
contaminant. The reeulta from one firehoeing with 20 paig water 
pm3sure on test p&tee after Shot 4 ww s-percent remrml. Thle value 
should be slightly greater with a higher water pressure. Shot 5 teat- 
plate data showed no ~contaslnant W&B relsaolred by the firat firehoeing 
but 18 percent wae rermved by the mxmd pam. Di~mg"ding the result8 
of the first decontamination 08 beim unreliable, it ia aaeused that 
10 percent of the contminant wan xmmved by the fir& pse. Thus, 

there resulte the range of 5 to 10 percent re=oml, uhizh arsa obtained 
when the maximusr mount of contaz&xsnt wae remwed by prior minstoms. 
If the enount removeci by prior rainatoms is leee than the ~~%xirsm, 
the percentage of contamimrat removed by a single firehosing weld 
Increace. The total. of 10 to 1-j pscent x-csw?al of zpzm?AliEg cen*mimnk 
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with two firehoslnge is based on the reealta of Shot 4 and Shot 5 
plates, which gave 12 and 13 percent removal of contaminant under 
condltione. 

test 

these 

2. One hot-liquid-Jet washing removed 20 to 30 percent of the 
recnrlning contaminant; Ed second Ames will remove little additioti 
contaminant. The first hot-liquid-jet -ahin& of the aircraft fron 
the YAG 40 after Shots 4 and 5 removed 23 and 32 percent, recpectively, 
of the rel~i~rining contaminant. In addition, the msults on three out 
of four sete of teet plates from Shots 4 and 5 cama within these .lim.ltsr; 
the other set of te8t p&tee had 14 percent removal. Ae In the cam of 
firehoeing for this condition, those value8 repreeent the conditiona 
after an estim&ed 35 percent prior removal by rrrinertorm. If a leeeer 
percentage of the original contami;arr;t ie removed by the ralnotorme, the 
percentage of the remaining contaminant removed by hot-liquid-jet waehfng 
will increase. Data frann the Shoto 4 and 5 test plate8 show no additiopsl 
contiminant was removed by-a second pus with the Jet. 

Condition C-l. 
1. One scrubbing with detergent removed 35 percent and ia capable 

of rmovlng up to 75 percent of the re+ning contaminant. Decontamir& 
tion data from the aircraft on the YAC 40 after Shote 4 and 5 show that 
scrubbing vith detergent after one hot-liquid-jet waehing removed 39 
and 37 percent of the replaining contaminant. Comparable data on test 
plates that had one or two Jet washings, or two firehoeinge, before 
scrubbing with detergent, showed 50, 50, 76, 54, und 75 percent of the 
remaining contamlnent removed. The test panzle were decontaminated 
under optimum conditlone; i.e., flat, clean, unweathered eurfecee which 
were easy .to scrub. The aircraft surfaces had varied shapes and ~Cesal- 
bllities including the undereide of the aircraft and the wing roote. 
For this reaeon, better scrubbing and -inage probably occurred on the 
test plate8 than on the aircraft surfacea. Thfa map account for the 
iact that In all case8 the teet panel8 had a higher percl*?tage renoval 
than the aircraft. 

2. A second ecrubblng with detergent removed 10 to 50 percent of 
the rellralning contaminant. The same two aircraft msntloned in the 
preceding section were given a second scrubbing with detergent, which 
resulted in 14-percent removal of contaminant from both aircraft. A 
second ecrubbing of comparable test p&tee resulted in a 0, 21, and 52 
percent removal of remaining contaminant. The O-percent removal la 
considered unreliable, because of the aircraft data and past experience 
indicate that some contaminant will be removed by additional scrubbing. 

3. Ore scrubbing with Gunk (C-147) removed 50 percent and le 
capable of Rmoving up to 85 percent of the remaining contaminant. The 
Shot 5, SAG 40 aircraft, which had men washed with a hot-liquid-Jet 
and scrubbed three time8 with detergent, waer then scrubbed with Gunk, 
and 54 perter t of the remaining contaminant was removed. The rrrsximum 
of 85-percent removal was obtained by scrubbing test plates from Shot 
5 with Gunk after only one wa&ing with a hot-liquid Jet. The Shot 2, 
YAG 40, aircraft had a 29-percent removal of contaminant by scrubbing 
with Gunk; but these data were not used, because this was the Eleventh 
decontamination of this aircraft and &Tpercent of the 
taminant had been removed by the prior decontamination 
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IPentloned before, the effectfveneea of thlrr method of decontiminstion 
will vary inoercely with the effectiveness of prior dacontamixstlon 
effort6 or rainstorm. 

4. A second scrubbing with Gunk removed 13 percent and is capable 
of removing up to 35 percent of the remsinln& contminmt. A second 
scrubbing of the aircmft fmn the YAG $0 after Shot8 2 and 5 resulted 
in a 17 and 19 percent reduction In ContrLmimnt, respectively.. S3nce 
these remlte were obta%ed on the ei&th sod sixth decont?mi!%stions, 
respectively, the actual decontanfnatlon efficiency obtainable by thie 
method at earlier time in the deconttmimtion operation ie probably 
closer to the 370percent.r&mov.rl obtained by $te second scrubbing of 
the teat plates fHm Shot 5 with Gunk. 

Condition c-2. 
1. The data for this condition ie obtained Aoom the decontamlna- 

tion of the aircraft from the TAG 39 after Shots 4 Srxl 5. The aircmit 
on the TAG 39 after Shot 5 was first Miehed with a hot-liquit jet, which 
removed 18 percent of the remining contaminant. !Chiz: was followed by 
scrubbing with detergent, which removed an additional 17 percent, and 
ecmbbing with Gunk, which removed 40 percent of the remaining con- 
taninant. 

2. The aircrerft on the TAG 39 after Shot 4 wee ecrubbd twice with 
detergent. The first scrubbing removed 36 percent, and the eecond acrub- 
blng removed 10 percent of the xmaining contaminant. 

A eumarg of the above results are given in Tables 5.7 through 
5.10. They are based on the combined afrcmf't and teet-plate reeults 
and represent the range of decontamination resulte. The nzixlmum decon- 
tamination effectiveness was obtained on the teat plate6 and repreeente 
the n~~xfnum effectiveneee that can be approached under optimum conditfons. 

Coadltloa A - After slight 
prior imahln& or no prior vu- 

Pcncnt con-t 

t 
Firchoslng 35 - b5 - 50 1 
Rot liquid 
jet Wltb 
detergent 

[=I - 

Es& block lnclwles the results of a sequence of dccon-tlon 
mt&xlm which wcra pcrfozwd in tin order irdicrted by the 
arrows. 

Although theee percentages include the mximum percenti@? rermm.1 
thst can be approached by decontamination, it is conceded that the 
pnsctlcal "working percentage8 * that will be obtained during full-scale 
decontamination operations will cover a much-emller range. 'Pablee 5.11 

E through 5.13 give the anticipated working percentages that can be 
& obtained, based mainly on the aircraft teat date supplemented by the 
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(a) Percent cooa tremvedbytvopw38ea;allotherrwult.s 
CIT pamant or t8aag C0maw ~e(~md by erh pm@. 

m2h bi0d inchar the ntit0 or a -cprcnc~ 0r dcc0wattibti~ 
wtbodm which ware periomcd la the order ldlcated by the errcw8. 

lwxs 5.9 BEcammMTxcB - tRmaa umDlTxoB C-l 

colait1ca C-l - After prfor decatadmtion by 
tircbomingorhot-~auid-jet~hiogwhich~ reamed 
from 35 to 60percent 0rtbc otigiinrl corbtamimat 

Percent 0r rem1nlngcontulmut~ by 
dccorl-ttlon 

xethodr lst pus -I=- lat paso =pu 

&rub with 
ounk 

Each blosk iocludemtbs rerultaof~squence ofdecontamination 
m&od8wbichwereperform?dintWorderlmUc8ted bytbeanws. 

Coldition C-2 - After prior wllsuwn With approxiutely 
g5 percent reaoval or orlglnnl con--t tg waahdwn 

Pcrcttnt or rttilainin& COO tamlJnnt.mnc.~by 
&con-tier, 

Eat liquid 1-I 
_- 

jetwlth 
detergent 18 

1 
scrubwitb 17 
determnt 

c 
Scrubwitb JCI 

Eachblock includcethe rcmults oiraequeacc oideconWalnatlon 
~ttbodswbichuere prformd lnthc order Indicated by tbc UTOWO. 
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decontaalnation 
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mchblock includes there* AI ofasoquenee ordecont.minstion 
mthodevbichvere pcrfored lo the order iadlcatcdbyttw srrovs. 
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test plate data and pet expgrience. %ble 5.7 also appliee, tie working 
percentages. The value8 for firehosing andwaahlng with the hot-liquid 
jet are quite reliable elnce coneiderable data have been accumulated 
for them conditione. The value8 for an Initial scrubbing with detergent 
or Gunk me the con8ervative, oince no teet data were ob4alnrsd far 
theee conditions, except on the Shot 5, YAG 39, aircrdift after washdown. 
All the other data for scrubbing were on surface8 that had received one 
or more prior decontaminations by combination8 of firehoaing, waehing 
vith the hot-liquid jet3 or scrubbing with detergent; these data have 
been used a8 the basi8 for the values In this table. The percentage 
removal in Table8 5.11through 5.13 are given on the basis of one pa88 
and two passes in order to limit the range to realistic values. The 
value8 for two paseee are obtained by multiplying the percent remaining 
after one pass by the percent removed by the second 'pass, adding this 
product to the percent removed by one pass, and adjusting the sum to a 
workable .percentage on the basis of other test data and past experience. 

Graphs.of the decontamination reaulte are given in Figure 5.16 
through '5.19. Figure 5.16 cmprels the results of the aircraft decon- 
taminatione 'on the basis of the initial contaminant that did or would 
have landed on the aircraft by connrpensating for the prior removal of 
contaminant for Conditions B and C-2. Figures 5.17 through 5.19 show 
the results for the individual conditions baaed on the percent of the 
as-received contaminant remaining after the various decontaminations. 
When comparable test panel results are applicable, they are given at 
the top of the figure for comparison. 

3 5.4.1 Discusnion. . When an aircraft 18 received in Condition A 
or Condition C-2, decontamination results 8hould be consistent with 
those reported here. 

When an aircraft ia received under Condition B or Condition C-l, 
the effectiveness of any subsequent decontamination will vary invereely 
with the amount of prior removal. Thus, if prior removal approaches 
the maximum ae given for Condition B or C-l, a low effectiveneee may be 
expected for the first eub8equent decontamination, if firehosing or hot- 
liquid-jet-washing method8 are used. 

E'igure 5.16 demonstrates the efficiency of the washdown eyatem. 
It 8hows that, on a comparative basic, the percentage remaining on all 
the YAG 40 aircraft after complete decontamination was more than that 
on the YAG 39 (washdown) aircraft before decontamination ~8 begun. 

A compsrieon of the test plate reeults and the aircraft reeulta, 
Figure8 5.17 and 5.18, shows that firehosing results are in close 
agreeroent and hot-liquid-jet vaehing reaulte in fairly cloee agreement. 
flowever, the reoulto from scrubbing with detergent and ecrubbing vith 
Gunk ahow that, in all cases, more-effective decontamination v% obtained 
on the test plate8 than on the aircraft. 

Thie discrepancy can be attributed to the flat eurface and the 
acceesibility of the teat plate8 decontaminated under ideal conditlons,~ 
as contraoted to the aircraft vith its =ny configuratione, Openinge, 

4 

.and joints decontiminated under test ccndftions. Further proof can be 
-9; 
.* 

found in Table D.ll, Appendix D, which compare8 the average of the 
gamma-eurvey-meter readings vith location 40 readinga. The average 
reduction from the first scrubbing with detergent (the fourth decontami- 



TEST PLATE DATA 

-FIRE MOStNO Z-FIRE HOSING 

AIRCRAFT DATA 

I 
L-FIRE tiOSlt;G AN0 I-HOT LIOUID JET WASH AND 
J-SCRUB WITH DfTERtENf AN0 Z-SCRUB WITH GUNK 

O-FIRE HOSING AND I-HOT L”tUI0 JET WASH AND 
3-SCRUB WITH DETERCENT AND I-SCRUB WITH GUNK 

IIIIII I I I 
P-FIRE HOSING AND I-HOT LIOUIO JET WASH AND 3-SCRUB WITH DETERGENT 

I IT7----- 

Figure 5.16 Percent of original cw .l23&lmtremainiBg 
versus mapwere 
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PERCENT fP ORIGINAL CONTAUINANT REMAINING 

Fipra 5.17 Yerc2nt of original exAum!.r~xA remsiciy 
versus m3qowr for Sonditi_crr, 2, 2iot 2 IX 40. 
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~igura 5.18 Percent of ori&.na~. contaninm tzwLanU@ 
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ration) wae 55 percent fzxm ttre rvomge csumy-master resdlnge, campsred 
to 82 percent at Location 40. This i,ndicatee thet, at SW location6 
on the aircraft, the itied ccrrditicno of th5 test plates are duplicated 
and, at theee locatIons, the aircraft-deconM?mtiOn effectivenese 
approachm thw obtained on the taot plstea but that data from all rzr- 
f&e8 are needed to predict the decontasimtfon ef’fectiveneee of an 
sircnrft by scrubbin&? mthod8. 

The relttite of the initial firehoeir& indicates that two pasee 
vi11 remove a total of !jO percent of tha ConWiaaant. The amount xwxnred 

by the second firehoeing will depend upon the amount removed by the firat 
pass and will bring the total contaminnnt removed up to 50 percent of 
the origlraal contanl~:nt. 

The rsmlts fr+ors the tat plutee for Shots 4 ax~I 5 show that the 
hot-liquid-jet waehing with fresh or mlt water have about the G?NW 
decontexnlnatlon effectlveneee. The jet varahing w&5 alw;ays performed 
vith detergent. The ecrubbixq with detergent or Gunk on the aircraft, 
and test plate5 was alvaye followed by a jet rinse, with one exception. 
On thie oecaslon, PI firehoae wae ufzed to rinse the test pbtes. The 
date fmm the one use of emibblng with detergent follcnred by a firehoee 
rime lndjlcate thd the toys of rinse, did not affect the decontaminstlon 
effectivene58. 

Since the decontemination of the aircraft included indusrtrialas 
well ae tactical decontamination methode, data were obtained for MXTI~- 
binq with Cu~k. However, for tactical decontaminatloa aboard an aircraft 
carrier, Gunk 1s not recox5uX@ed, becauee of fire Bprzerd, slickneee of 
the deck when Gunk ie on it, end the mpid deterioration of a wood deck 
exposed to Gunk. 

IAo decontamination was perromd on the test pl8tes from the YAG 
39 (or wa8hdown) ship bec6uee of lnoufficient cOammimtiOn. %3 Shot 

2 plate5 were not contamin&ted, becauee the ohip did not receive eignlfi- 
cant amounts of fallout end the plate5 on the ohip during Shots 4 end 5 
did not have enough reeidual contaminant after washdown (lees than 5 IT@/ 
hr for Shot 4 and 30 m/hr for Shot 5) to juotlf'y decontamination. 

A comgerlsor; of the result.8 ehove that one initial hot-llqcld-jet 
washing ie 5 to 15 percent more effective than one fiZ%hO8ing end 0 to 
10 percent more effective than two fiX%hO8iZ&3. 

A comparieon of the hot-liquid-jet washing veraue ecrubbing with 
detergent under Condition B Howe that scrubbing with detergent is the 
more effective, since it removed 38 percent of the remaining contamWnt 
after two washings with the hot-liquid jet. 

Scrubbing with Gunk 15 more effective than scrubbing with detergent. 
Under Condition C-l, scrubbing with Gunk removed 34 percent of the 
retrdning contaminant after two scrubbings with detergent. 

The result8 under Condition C-2 (waahdcnm) Indicate that a first 
acrubblndf with detergent will remove 36 percent of tne relnaining con- 
tabant but that scrubbing with Dunk Pa more effective, eince It removed 
40 percent of the renrsinlng contaminant after one jet washing and one 
crcrubbing vith detergent. 

A ccmprison Of the results obtained under Condition8 C-l and C-2 
chows that the decontamination effectiveness reoulto are leerr after a. 
washdown than after prior decontamination. Since the results are some- 
what similar and the 8ab~g methoda of decontamination am naed on both, 
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Conditlo~~~ C-l md C-2 6re cmblned later in thie rep0rt f0r recmSmdin& 
mthode of decontcrssir~~tio~for the three conditions. 

An examimtion of the aircraft data abova that a second vJss with 
'any of the wthoda of decontamination ueed ie relativel,y ineffective 
but *&e effectiveneee of the second y~~eo will vary imersaly with the 

; percentage of contx~lnax~t removed by the first y~ss. An emx%%tion 
of the test-plate data itiicateb that up to a =prpM of 5O percent of 
the rrsmsin~ contmlnaat can be remved by a eecard paea. Thie ESS.X~~JJB 
tBB8 obA&imd by acrcbbkg with detergent. Other smthode gave leres revival 
for a eecond *se. !&US, It is again emphmieed that two pames wdll 
remove a fair&y constant amaunt r-.nd the I3mroughn8pis and effectivenees 
of the first Rmm vill control how much can be removed by a sucord paes. 

In general, the resulta ehm that scrubbing vith Gunk ie the ES&- 
effective method of decontamirrrtion, followed In decreasing effectivece88 
by ecrubbinzg with detergent and uith the hot-liquid-jet vat&lnq 8lightlg 
.lplope effective than firehosing. 

The above reeults ere bamd eolely on decontamination effectivmeisa. 
For an ovemQl evaluation of the various mthode, the tigas end nmpcwer 
req~iremsnts mst ala0 bi3 ?xbkma into conside~tlon. 

A fxammry of th% msulte of the ti.m arrf niaqmwer ettidiaa am &mm 
in Table 5.14. T9w c-lets X'Wlult8 are @iverb in Table D.12, ARgendix 
D. Table 2.15 give8 the decontanimtion tine, the nuder of am, ati 
themmhour8thatwould normllybe necermry t0acco@iehthew0rking 
percentage remvale given in Table 5.7 and !I!ablee 5.l.l through 5.l.3. 
Tktlse resulte are baaed on the decoa+Wtion of Havy FdcU aircraft, 
which have a surface area of approximtely 2000 eq ft. During these 
atudiea, the wing t&e vere In the vertical position. It should also 
be m=mf>ered that the decontamination covered all the t~rf~es, which 
included not only the fueelage snd top wing aurmcee but also XEX~ 
co~iWratione, euch ae the underoide of the pLme, the landing gear 
and the wing roots. 

‘ The rates of dccoa%miPntion are calculated on the baeie of the 
average of the total times used during actual aircraft decontamination 
operatione. OR thie bash, the acrubblng with detergent wae acccmpliehed 
at about the satge rate as io coneidered optimum for exterior wall eurf~e@ 
from the San Bruno Teat (Reference 11). ?he optimum rate for scrubbing 
with detergent wae 1330 aq ft/hr vertwa the average rate of 14% eq it/hr 
used on the aircraft. The average rate for scrubbing was compared ok 
the baeia of the elngle ecrub since the data indicate that the double 
ecrub IS no more effective. The avem rates for f-hoeing and =shiW 
with the hot-liquid jet were both about 40 percent more than the rate0 
recomended on the baeie of the Ssn Bpuno !b6t. 

Firehosing was performed at an average rate of 8300 @q ft/hr per 
nozzle VBF~UE 6oo0 sq f-t/b recommended. However, thie ie a pear coach 
parison, because of the firat firehoeing of Shot 2, YAG b0, SircXaft 
usa accomplished with a single nozzle at 20,OOO eq ft/hr vith the 

5 removal of 36 percent of the origlnal contaminant. A second firehoalng 
of the same plane vlth two nczzles at a mte of 2500 Sq f't/hr per nozzle 
removed 28 percent of the revz~in:ng contaminant. Thiew0uldindicate 
that the rate of the fir& firehosing war+ to0 high to obtiln PnrLpupl 

. renroval and the rate of the raecond firehoaing was to0 low for Mlm~ 
efficiency. ~aeed on this teat and pet e;spsrielrce, Lho recwnded 
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mts of Go00 gq ft/hr appeare to be 10%~ and a rate of about 8000 oq 
ft/hr, 0r 15 ain per aircraft, would be better 

~I?J hot-liquid-jet decontmUatic wao perfomed at az~ average rate 
of 33%' eq ft/hr, which fe about 40 percent m than the 2400 aq ft/hr 
IcdC ndacl on the baeia of the San Bruno Teat data. The data In Table 
0.12, Appendfrr D, Micate that a slmer mate lshould have been more 
effective. The deconta&nation of the Shot 5, YAG 40, alrcmft with the 
jst washing at 3000 oq ft/hr removed 32 percent of the initial contxminant, 
while the earn mathod on the Shot 4, YAO 40, aircx'aft at 4000 sq ft/hr 
2~1452ved 0x13~ 23 pet~~nti of the initial contaminant. The data framthe 
test plates ahow 8 6ecohd jet waahfzxq to be ineffective. 

A cmpari~o~: of the tiEBs ati rr%m-hours involved ehapr that firehosing, 
based on a rats of 6000 8q ft/hr, ia the most efficient taking about 
two-third8 the time vlth three-fourtha as mmy mm-hours par a?xcraft 
88 the hot-liquid-jet washing. IWwever, on comparative initial.decontami- 
nation efforts, the jet should be about 15 percent more effective. The 
ai&e ecrubbixg with detergent takea about two to four times as long 
to go ov8r an aircraft, while using four to five tlmee as nany zan-hours 
and with 1 l/2 time8 the personnel ass the hot liquid jet or fimhoslng. 

Although no manpower data were taken on mrubbing with Gunk, it 
ehould take a slightly longer ti.m with the 6am manpower as scrubbing 
with detergent, became an extxu detergent rime ie neceemry to remove 
the Our&. 

Figures 5.16 through 5.19 compare the percent of origirml contaai- 
nant relaolnlng after decontaulnation method8 used on the aircraft veroua 
the effort in mm-hour8 which would normally be used to acmnplieh the 
decontamination. Figure 5.16 has the lOO-percent-remslning (initial- 
&artlng) line adjusted to cozfipensete for the rainstorm and waekdovn 
of Condition8 PI and c-2. A comparison of Shote 2 and 5, YAG 40, data 
indicatea that approximately the 881~ number of mn-hours were expended 
to achieve the FBS decontamination end point. An examination OP the 
Shot 5, YAG 39, data shows that although the amount of contmnlnant 
removed was mall, compared to the Initial contasainmt on the YAG 40 
aircmft, nearly half of the con+aalnant z?emining after waehdam was 
respaved by three decontaminationa. 

Figurae 5.16 through 5.19 indicate that the first decontamination 
by a nasthodl ie generally qufte effective but that the second and third 
decontamlnatlons by the came method are lees efficient, considering the 
decreaeing effectiveness on each method and the mm-hour8 involved. Thle 
ie further pointed out in the overall decontamination, which shows that 
the first decontamfnatlon removes a fairly large amount of the contami- 
nant with relatively small effort but that, as the decontamination pro- 
greseee, it takes a considerable effort to remove a smll amount of 
contaminant. 

The information obtained frm the decontamination effectiveness 
reoults and the time and mmpower studies can be applied to carrier 
aircra?t. Tentative recomendationa preeented suberequently are based 
only on the decontamination of the afrcraft exclusive of the eurromding 
areao. Other factor0 to be taken into consldemtion have been described 
In IO'FQ detal in Reference 9. Hovever, one of the moat important factore 
to be renembered Is that the flight deck and aircraft will be decontami- 
nated ainrultaneously, BO the method aelected for the initial decontami-- 
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z&Ion of the flight deck will undocbted'l~ be used for the i'nitla1 
deconteminatlon of the al~cmft. 

Reference 9 dlvPde+I decontcminstlon prlode into "t%etlcfsA." and 
"lxtduetrlal" a& further subdivfded "tactical" into 'emx-gemy" and 
"operetlo~l." The tmrgency-decontamincMon period included the tlm3 

: 

from atomic attack until the cosmencement of fllsht opemtlona. The 
. 

operatZoml=decontaml~tlon period ~a8 the ~~1ndlOr Of the tWtlC&l 
8ltUetiOXl. Xnduetri&it decontmimtlon conelsted Of Eiea8we8 which ha8 
to be lnet:tuted upon dcrlivery oi’ tuctically decontmirsted aircmft to 
a Iand baee for apajor repair of 169intenance. c \ 

Although this breakdakm 18 baeed ent?Z'eb On eL1z O~m?%tlWl or tlBsb 
Bela, tentative rec~nr3latlone are msde to tie in decontmirrprtlon 
operatlone with thla breakdown. 

. -. 

ILsble 3.16 give& data on the wipe emqlee taken before end durlu 
the decontamlrxstion of the aircraft from the TAG 40 after Shot 2. This 
table ehoue that the first t\oO deCOn~lISStlOn8(~0 fl~hO8lzig8) ~~oved 
over 90 percent of the remomble contaWmnt and that 03.x decontmlnatlone 
removed over 99 percent of the removable contaminant. These data were 
iurtber verified by ueing a beta-eu~vey instrumnt to check the gloves 
ueed by a worker who x-moved tha engine cowling after the sixth decon- 
tamlnation. The reading on the instruztent showed an inorease of 
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leas than one scale 
2.22 lz 106 d/m. 

division, which in approximately 1 po or 

Dosimeters were worn by personnel assigned to the decon&mination 
crews. Although the doeimeter readings did not always oheok with the 
film-badge readings, the data obtaine+d.f‘rcm thorn gave some indication 
of the dose that was received while the individual was performing the 
apeoific decontamination job* I 

i 
Table 5.17 oontains the most reliable data obtained during the 

decontamination of the afrcraft from the YAG 40 after Shot 2. These 

Job of 

data illustrate the importance of using methods for the first decon- 
tamination procssses which can be accoml;lished quickly and require the 
minimum number of personnel near the contaminated object. Table 5.15 
gives the number of personnel employed to accomplish each deoonta;uin- 
ation method, 

g’ 
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5.5.5 Contamination Distribution. Only the airoraft on the 
YAG 40 during Shots 2 and 5were contaminated sufficiently to warrant 
a c.ontaminant distribution study. The detailed surveys are given in 
Tables 0.15 through 0.17, Appendix D. 

The aircraft installed on the YAG 40 during Shot 2 had patches 
of a white chalky substance at various locations on the windward sur- 
faces. The decontamination effectiveness was quite high in this area0 
rrhich indicated that this chalky substance was easily removable and 
contained most of the contamination found there. This was especially 
evident at Location 40 on the inboard surface of the port wing section 
in the vertical position. These windward surfaces were contaminated 
five to seven times greater than the leeward ones. In comparing read- 
ings from the vertical and horizontal surfaces on the windward side, 
it was found that the contamination on the vertical surfaces exceeded 
that an the horizontal by a factor of 1.5. The contxnination on the 
vertical and horizontal surfaces on the leeward was approximately the 
ssnle. Readings were taken on the horizontal and vertical stabilizers 
for some indication of the contamination distribution on topside and 



underside surfaces. The ratio of the contamination of topside to 
underside surfaces was 9 to 1 for the windward side and 3 to 1 for 
the leeward. 

The contamination on the aircraft installed aboard the YAG 40 
af’ter Shot 5 was more evenly distributed than that on the aircraft 
after Shot 2. There was no visible foreign matter evident when the 
aircraft was received at the decontamination aita. Comparing readings 
(at the same lccations) on the port and stsrborad side of the aircraft 
showed that the average distribution was approximately the same for 
both sides. Similarly, there was little difference between the aver- 
age distribution on horitontal and vertical surfaces0 The ratio of 
contamination on the topside to the underside of tho horieontal atabil- 
icer was approximately !: to 1 for the stsrborad side and 2,5 to 1 for 
the port side. 

Differences in the oontamination distrfb&ion found on the two 
aircraft can be attributed largely to the wind and weather conditions 
and type of contaminant. The surface wind after Shot 2 was coming 
from the forward quarts, ** on the starboard side, as was evident frcm 
the contamination distribution found on the windw<ard and leeward 
surf aces. On the other hand, the surface wind after Shot 6 was approx- 
imately either parallel to the ship or from the forward quarter just 
a few degrees off the port bow. This fact explains the similar dia- 
tribution that was found on the port =d starboard side. The chalky 
substance found on the aircraft after Shot 2 was definitely in patches 
and appeared to have little runoff from them. It was almost like a 
thin paste which had dried on the surface. Other areas where the dis- 
tribution was qrch lower had no such visible deposit. On the other 
hand, no such contaminated foreign matter was visible on the aircraft 
after Shot 5, and no area appeared much more heavily contaminated than 
others. Some of this difference between the contamination distribution 
was probably caused by rain, because the aircraft after Shot 5 was sui;- 

jetted to more severe rains than the one after Shot 2. 

5.6. coNcLusIONs 

Under conditions similar to those during Operation Castle, it may 
be concluded that: 

1. A washdown system which gives adequate water coverage will 
reduce the gamma radiation intensity level by approximately 95 percent. 

2. The major contributor of radiation intensity to the cockpit 
of an aircraft on the deck of a ship is the contaminant on the surfaces 
of the aircraft itself (75 p eroent in the one case where data were 
available >. 

3. Contamination distribution on the aircraft will not be uniform 
and will depend to a great extent on the course and speed of the ship, 
the direction and velocity of the wind, and the type of contaminant. 

4. Aircraft material damage from the washdcwn system will not be 
serious, and the aircraft will be in flight condition if the ignition 
system is protected. 

5. On an aircraft that 
fallout or rains torma before 
tion can be reduced up to 50 

has not been subjected to washdown during 
decontamination, the amount of contamina- 
or SO percent by firehosing or hot-liquid- 
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jet cleaning. If either method is followed by 
detergent (C-120) or a solmnt emulsion cleaner 

one sorubbing with a 
(C-147), ae much as 

75 or 90 percent of the origi.%l contaminant can be removed. Rain- 
stormo before the initial dsco4xmination will lower these percentageso 

6. On an aircraft thnt hss besn subjected to waahdown during 
fallout, the amount of contanination can be reduced up to 35 percent 
by ercrubbing with detergent and 50 percent or more by scrubbing with 
a solvent emulsion cleanere 

7. On aircraft that have not been subjected to rainstorms bePore 
deoontvamination, the maximum ei'ficieney, considering deoontamination 
effectiveness time and manpeaer, is obtained by usLng one firehoere or 
hot-liquid-jet washing, followed by a thorough sorubbing with detergent 
or Gunk solution. 

8. A more cmplete deconkuninaticn can be effected by continued 
scrubbing with detergent or Gunk, but the additional peroentage re- 
moved eaoh time is small. 

It $8 recommended thatt 
1. Further study be done on the effectiveness of the -ahdown ey+ 

tern on stacked aircraft, preferably on a carrier employ- the l&cat 
developments in weshdonn equipment which includes the indiv%duel Oqu%ck 
on and off@ nozzles etrspped onto the aircraft, a8 sell a8 nozzle8 ox 
the carrier. 

2, Thorough study b-e made of the material damage done to etircraft 
by the washdown sgatem and that etepe be taken to decrease the poereibil- 
ity Of such damage. For example, cockpZt covers should be put on all 
aircraft parked on the flight deck8 and small vquickly removableN cover8 
should be pat on the front of the engine cowling of prop&lop-driven 
aircraft. Further, ignition leads to the spark @ugs should be nnsds 
more resistant to corrosion and the effects of water. 

3. The followfng optimum procedure8 be tentatively oelected to 
decontaminate aircraft. They are baaed only on the decontaminatfon 
effectfveness and manpower results of this project and pent experience 
and do n& take into account the availability of equipment or supplbe8. 
The proceduree follaat 

To decontaminate an aircraft aboard a carriec 
A. That ti8 not been subjected to washdown 

(1) Emergency period, to be ready for a strike. 
a. First choice, 1 firshosing (fastest). 

Second choice, 1 hot liquid jet wash- (most effect- 
ive). 

(2) Operational period, a clean-up for future operations. 
a. First choice, 1 hot liquid jetwaahing (most affective). 

Second choice, 1 firehosing (fastest). 
b. Scrub with detergent. 

B. That ha8 been subjected to vashdown 
(1) operational period, a clean-up for future operations. 

a. Scrub with detergent. 



To decontaminati tm adscmft on land (ashore)_ 
A. That has bsen subjected to waehdown or opmatioml dscontauin- 

ation 
(1) Indiitr3al docontiUtioxa. 

a. Scrub with Gunk. 

F 
b. Repeat scrubbing with Gunk untfl cleared. 

B. That has not been subjected to any decontamination 
(1) Industrial decontamination. 

a, First choice, one hot-Uquid-jet waahlng (most effsct- 
iV@)* 
Second choice, one firehosing (fastest). 

b. Scrub with Guuk. 
c. Repeat scrubbing with Gunk until clell,.red. 

4. The rate and efficiency of decontarrdnation operations bs 
further etudied and the.% work be done to develop decoxtamination method8 
and equipmsnt readily adsptable to the tactical eituation. TWO mggested 
area8 of effort are: (1) ssechanioal emrubbing equipzmt, and (2) dev- 
elopment of more effective detergents. 

5;. A rr8litaq exercise be planned and executed in which a carrier 
with aireraf% OIIC the flight deck ie, contsvdnated at a weapons teat and 
reelaimd and put back into action using military personnel for most of 
the work. This eum'cise should simlate cotiitions similar to a&us1 
wartimaeonditions within the liorft6 of radiological 8afety. 

6. A training program based on the best current lnforamtion be 
organized to train the appropriate personnel to dacontmainate afroraft. 

7. A Padiologiti recovery mana for aircraft be prepared0 

i 
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N. Ft. Tiw_lace J. C. Sherwin 
F. K. Kawahara J, v. zaccor 

The problem of radioactive contamination in the interior of two 
ships subjected tz2 fallout from a thormonucleer axploaion w&s invest- 
igated in three 8'2'638s: ventilation cubicles in the No. 3 holds, loerch- 
insry qsace, and weatherside areaa. One crhip was equipped with a 
washdown system; the other was not. A!easurement~ were made of the aver- 
age concentration of airborne particulate matter and of the radioactiv- 
its of deposited .&erial in each of these areaa. It was found that the 
average airborne activity concentration in cubicles ventilated by un- 
protected duct systema wao on the order of 0.02 percent of- the average 
weatherside concentration. The paper filter and electrostatic precipit- 
ator ventilation protective devices reduced this value still further. 

Data are prebented regarding deposition of activity inside ventil- 
ation and boiler air dllcts and on deck. 

6.1 BACKGROUND 

Fex experiments have been performed to bbtain information relat- 
ing to the radiation hazard to personnel in below-deck spaces resulting 
from an atomic or nuclear explosion. Operation Croosroads exposed a 
number of shipa to the base surge of an underwater atomic burst. Studies 
of these ships yielded an as;timated airborne activity level of 1 c/cu ft 
of air at 1 minute after the shot (Reference X2). The i'SS CRITTEULN, 
one of the ships present at Crossroads, wa8 examined 1 l/2 years after 
the shot for ventilation duct contamination (Reference 13). The activ- 
ity which must have entered the ventilation system at the time the base 
eurge reached the CRITTEMEW was calculated to be about 370 c of beta. 
Of this activity, 160 c was in a respirable particle size range (4 5 p). 
No e.stimate was made of activity per cubic foot of air because this 
ventilation q&em was not operated during or after the test. However, 
it wa8 etated that the after engine room would have drawn in enough 
active aerosol to immobilize and kill the occupants had the ventilation 
system been operating. 

A theoretical treatment has been done on the potential hazard to 
personnel in boiler rooma from gamma radiation through boiler afr 
supply ducts and from leakage of reepirsble material throu& boiler 
casings. It vas concluded +bt in the case of no appreciable deposition 
inside the ducts, personnel combat effectiveness would not be reduced. 
However, the gamma-radiation hazards might become serious if depoeition 
were 

ated 

ai&ficant . 
Similar theoretical work haa been done on the problem of contamin- 
material carried into ventilated compartments~ (Reference 14). 

I.81 
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To accomplish the objectives o f the project, aesigzl lq?8cificatioha 
for the shipboard imtallations were determined 80 that features found 
in combatant ships were izicorpmated In the test ahips, a,8 weU w3 suit.- 
able inotrurnsntation. Pertixmnt features uf the inetalls;tiom in the 
ventilation and boiler apses are dticuseed fn the mhquent aectiom. 

f&l Ventilation SxEzcas. The cite of the ventilation tests on 
,each ship was the No. 3 hold between Pramx~ 63 and M. Here the ven- 
tilation intakes were forward of the min auparstrueture where airborne 

8 mterial would be unobstructed (Figure 6.1). 
The between-&ck spme of the Do. 3 hold of the UG 40 was divided 

into six ider?tiGal cubicles, 16 by 25 by 10 feet. These coqmtmnts 
were separated into two groups of three sep%rated by a prsregeway along 
the centerline, Each cubicle was complete with its owm duct smtem and 
watertight door opening on the passageway. A deckhouse, ‘93 bY 20 by 8 
feet was built on the main deck of each ahip 3ireatly over the ho. 3 
hold. This deckhouse provided an enclosure for *ho ventilation intake 
ducts which protruded through its top. 

The YAC 39 arrangement was identical to that of TAG 40, except 
that only test Cubiolu II.was built into the betweem=deole sp~e, aa 
shown in Fin 6.4. , After concultation with interested codes from H&hip and NRL 
pereonnelwho had prcviou.6 experiecce in shipboard meamrement.8 of 
airborne particulate matter, the following concepts were agreed uponr 

(1) All eystems would be designed and built according to Navy 
specifications for the volume of air they were intended to oarry. They 
would provide adequate flow characteristics for volunre of air rmasurtnrent 

f and eampling. The nominal aysten capacity would be 1OW cfs. 
(2) Elementa common to Naval eystems would be included whereror 

possible (see Appendix E). All systems would have the maze mshrcom 
headt of entrance. 

. (r The systems were to be aa closely alike aa possible e%cept for 
one feature in each which was to be compared with a 1000 cfm “standard” 
By&em. A duplicate of the standard system: would be installed ou the 
YiG 39. 

condi% 

. 

The test aituationa are given below. Their designation by 
number is used throughout thisreport. 

Conditions for YAG tC, 

I 
II 
III 
XV 
V 

VI 

Conditions for YkG z 

IIA 

Effect or Device ‘Fe- 

213 epeed fan operation, 67q cfm 
standard system, 1WC cfm 
fan8 off, nc closure5 
NIU precipitron, 1OGO cfE 
Wire mash or standard Navy filter, 
1000 cft; 
ACC ppur filter, 1000 cfm 

effect of topside washdown, 
1000 cfm 
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Cond1t1o.u I, YhG do0 provided a test of the protection &forded 
toa ventilated cubiclewIi8n the fan ia operated at low apes& Larger 
ventilation ray&em aare frequently equipped with two-qxmd fms which 
cmt be adjusted to meet olimtic tsonditiom. To rrimlate the behavior 
of a tao-q~ed aptem operated at two-thirds of E&RU flow, single- 
speed AlDlw5 fens were built into the intake ti exhaust ducts of 
Conditioa I. Since these fans run on direct current, their speeds could 
be adjusted ti paas 670 &ES through the test cubicle. 

Condition 11, XAG 40, constituted the atandord system and had the 
two-fold purpose: (1) to provide basic information on the behavior 
of ir contaminant passing through a shipboard veirtilation duct in a 
region of fallout and (2) to act as a standarG of conpnriaon with sys- 
tems protected with 8 radimctive aerosol cou&ermeasure. It c%rried 
the nominal lOtO cfm and was heavily instrumented. 

Condition III, YAG 40, pmdtfed study of the Simple expedient of 
turning off the fans--to discourage interior contamination under radio- 
active fallout conditions.' 

Condition IV, YAG 40, eotltaimd a Westinghouse precipitron mounted 
in the duct near the weextherside intake. Since this electrostatic pre- 
cipitator had to be mounted verticallr and qxce within the deckhouse 
did not permit such an arrangement, a slaall blister wa8 built on top of 
the deckhouse to enclose the unit, Figure 6.7. This StruCtwe WM dup 
licated on YAG 39 to lluaintain tip3ide 8iWil8rity between the b0 ShiptS. 

Access to the prscipitron for cleaning was available through a 
mtertlght cover in the slide of the blister snd through a batch to the 
interior of the deckhotls8 below. The precipitron pow8r pack,. impul8e 
cowter to determine frequency of arcing, and the cwU&tiv8 running 
time meter were instilled ineide the deckhouse. 

The right-angle ttim made b7 the air exhausting from the pk8CipltitOr' 
necessitated.the addition of a post-filter (Farr type A.&U) beneath the 
precipitator and ahead of the duct bead, to s.trai.gbten the airf"low through 
the precipitroo. A similar pre-filter which normally accompmfes tb8 
tait was installed. 

The total pressure drop through thi8 ati cleaning lirs8enbly Wag 
8ufficieYltly SK&l (about 0.21 inch88 of water) that no major ch=gea 
W8r8 nesd8d in the ductwork to l&.ntaiR lOGO Cf& 

Condition V, YAG 40, contained e single Parr type U4, open nmh 
'filter (2 by 2? 11/16 by 23 5/$ inches) installed beneath the mushroom 
intake, Figure 6.8B. Otherwise, it was identltcal to Condition If. 

Condition VI, YAG 40, contained a pleated paper filter (Che3lfal 
Corps hdod81 E-19) mountod.in a manner similar to that of the yarr filter 
in Condition V, Figure 6&A. The high pressure drop of thie filter 
(about 1 inch of water at 1000 cfm) necessitated an enlargement of the 
iritike duct diameter. 

Condition fI!i, YAG 39, wa8 identical in relative p&sit2on aud 
physical characteristics to Condition II, YAG 4.0. It we8 intended that ,, 
tt possible sir-cl8aning action of the washdam water on YAG 39 could be 
co;~pared with the other pxQctiv6 devices on YAG 4). 

Foroom;?errison among systems, it would be desirah3a to haee all 
4 

ducts identical inflowrate, shape, length, and diameter. However, . 
difficulties arose when attempts were made to meet these requirements. 
The high-pressure drop of the paper filter in Condition VI 051lg& the 
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dIam&eraf the l&z&s duct to b tiare~& ~POB& inehesto9 i/2 
haoheti to rsintain a flmmta of 1000 cfh; thus, the air velockty irn 
thica duet was lcmr. Instmmn~tlon intoiaswied the pz=SUS& of lmintain- 
ing ldt&arity. Ewb air sea@e takea Pmlla a dwt necess%tated, wherever 
possible, imlueion upstream of a uin%.m.ua length of strafght dust 7 l/2 
d&meters of the m~@er. This length of duct had to be ineluded in all 
the other aysteus, regardless of the presence or c?&mncs of 8 tmqiler. 

Figures 6.2 through 6.8 show the eoqxments of the systersvl as 
?- 

‘ 

FRAME 82 FRAUF n --_+_--__-_-_-_---_--- _-_-____-+_- 

colw?Io* x 1mAce 

~lgure 6.2 Phu view of 
YAG40. 

they were Installed. Appeudiv B 
ariterial details. 

the top of the deckhouse on the 

give8 pertiueut flow characteristics and 

existing boiler-air systems on the test 
shrpa were m m way j5omparable to those on coubetant ships, and although . 
extensive modfffeatione were not feasible, sbilar minor mdifieatiom 
were uade on emh. Special sttentiou was gfvm the bo3.ler-air tutd Gus 
~~~?ings to the extent that all platee were straightened and new gaskets 
Installed giving, within normal boiler-mklug practice, air- and ges- 
tight casiqs. 

The principal sfuilarity to cos&atmt ships was a closed sir sys- 
tem, air intakes, and uptake's;nce. PAncipal features of dlssl.mXLar- 
ity to combatant-ship systems were low air capslcity and velocity, type 
aud locat%on of blower, and path of air from blower to boilers. 

Figure 6,9 ehom Q sohemtic arrangement of the boiler systei~~. 
The firing aisle lies betweun the two boilers at floor-plate level. The 
engine and machinery space lap aft of the boilers. There were no parti- 
tlone btween the firsroom and engine room. 

For test pmposee and, ~lao,'to insure a noncontnn&ated-uaehinery 
space for'operatiug purposes, the aPr supply to 'the boilers ms fully l 

enclosed, and all venta at the weather intakes were closed. Enclosure 
of the sir supply was ocoompXtihed by providing louvered air intakes 
in the outer stack above the superstructure, closing the opening be- 

4 

twesn the stack bonnet md outer stack, and sealing all openings in the 
4 

boiler fidley through the auperstruature to the top of the boiler spce--- 

._ 
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where a deck was 3nstalled, forming a spme above roughly coqxmable to 
the uptsxke spz~ce on a co&&ant ship. The forced dmft b.lo+.er, located 
at the lower level bm15de the starbcard boire~, was enclosed in a aheet- 
metal housiug end a~ air duct was installed from the uptake space to the 
forced-draft blower housing. 

Total discharge from the forced-draft blower, which was usztered, 
was delivered tc the space below the starbmrd boiler at the starboard 

Figure 6.3 Plan view of the mxirr'deck level inside the 
deckhouse oathe XAG40. 
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Figure 6.4 Plan view of test cubicles In the no. 3 hold 
of the.YAG%oJ 

aft corner and thence to the burners at the, front of the boiler and to 
the space below the port boiler by a duct between the two boilere. 

Tfie principal Instrumentation requirement affecting the ayetcm' 
design was the need for a straight duct section of 7 l/2 diameters ahead 
of +.he forced draft blower for aa=plin&and flow rate measurements. 

Pertinent flow data are given in Appendix E. 

6.3.3 Dat.a to be Obtained. Data were to,be obtained not only 
from the two test areas just discussed but al60 from the weatherside of 
each ship.. Obviously, infornntion acquired In below-deck spaces would 
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TOP UPPER DECK C3EiiCLE 

INTAKE FAN 

I-STATIC TAP 
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i- 

1 SECOND DECK 

Figure 6.5 Elevation of a typical ventilation inwe duct. 

depend to a considembie extent on the type of mdioactive fallout to 
which the test vehiclea wem? exposed. 

Data considered partiuent to the study of Interior COntamiIBtiOn 
were: (1) total activity carried into the belav-deck spaces through 
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Pigwe 6.7 Elevation of the intake duct of Condition Ii! 
on the YAG 110. 
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pigure 6.8 Elevation of weatherside intake ducts of 
Conditions V and KC on the YAG 40. 

:, 

the ventilation and boiler iair supply duct8 and the fraction of this 
activity that wa8 a@+ exhausted to the atmosphere; (?) activity per 
unit volume of air carried into below-deck spaces ae a function of time- 
and activity per unit volume of air exhausted from the spaces 8e a 
function of.time; (3) activity per unit. volume of air above decks near - 
the weatheraide supply intakes of tho boiler air and ventilation ducts 
ae a function of time; (4) reduction of airborne activity concentrtitions 
ae a function of distance in passing through the boiler air and ventila- 
tion supply ducts; (3) average particle size dietrfbutions of.the active 
airborne .particulates above deck8 and in the spaces belou decks; (6) 
radioactivity of deposited material in such specific areas a8 the inside 
surface8 of air ducts and the interior surfaces of teet epcea below 
decka; and (7) contribction made ,to the total gamma field inteneity.ln 
the test spacea by activity deposit8 within the ducts and cubicles. 

Aa a general rule, activity measurements within ducts or measure- 
ments on sample8 taken from ducts were made by @xmm countin$z. Measure- 
ments made within the teat space8 included counting both the beta and 
gamma activities. This practice permitted comparison of activity levels 
In various test areas on the basic of gamma counts without precluding 
a subsequent estimate of the biological hazard from beta activity in 
the cubicleo. 

6.4 Ill'LSTR~TATIOn 

For convenience, each ship was dlvlded into three eeparate area8 of 
investigation, because particular instruments and the kind of information 
they provided were olften ppcullar to these areaa. The separate are88 
were : the test cubicles an2 their ventilation ducts; the machinery SpWeS 
and the boiler air ducts; and the ship'sweatheroide. Operational dif- 
ficulties made this separation more dietinct In that intercomperrison Of 
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date from the three areas wa8 fr+quently compromised by the different 
kinds of sampling or meaeuren?ent bias aeeociated with each. 

6.4.1 taeaeuring ~tvlcee. A continuous air eampler wae deefgned 
to collect particulate matter on a continuous filter etrfp to record 
concentration of airborne activity with time. It basically constituted 
a constant-flow, positive-displacement euctPon unit (Reference 17) 
drawing air from the eampler case, which admiitted air through the ermll 
end of.a diffueer cone pieced juet ahead of the rmvlng filter strip. 
Wherever possible, the intake air velocity wae isokinetic with respect 
to the ambient glretream. Iq2e diffuser cone was lined wit& copper foil, 
which could be ~moved and counted so that airborne materiel depoelting 
inelde the cone could be accounted for fn the analysis of the filter 
strip. 

The dlmethylterephthalate (DMT) particle collector wea used to 
augment data on the average activity per unit volume of air. The eampler 
conefeted of (t eampllng head with a removable cylindrical intake 4 In. 
in diameter and 4 in. 'long leading to the l~raln body, which wee tapered 
conically to a standard l-in. male pipe fitting. Thie in turn was 
connected through standard pipe fittings to a conetsnt volume euctfon 
unit. The eublimable crystalline filter medium was pecked in a fairly 
tight disc-ehaped plenchet 4 in. In diameter and 3/8 in. thick. mie 
planchet was held between two screens of wire meeh (no. 100) to allow 
free flow of sir through the f$Jter~n%%ter#31 and yet maintain Its shape. 
The power supply and eampllng period MS the came as for the continuous 
air eanmpler. 

2%~: molecular filter particle collector was designed to obtain 
eamplee for size frequency distribution measurements of active pWtlclee 
and was eventually used to provide dsta on the average activity p@r unit 
volume of air. This sampler was einailar to the DXT eaqler, except a 
molecular filter was used in piece of the planchet of DXT and a cylindrical 
intake 0.56 in. lorg was eubetituted for the &In. one. In addition, 
each station had two collecting heads with a volume sampling ratio o? 
30 to 1 controlled by a metering orifice built into the low-volume head. 
The heads were mounted on oppbeite &de of a T-etiped pipe bfttirg 
separated a distance of 21to 22 In. The Sea6 aesembly wae positioned 
at approximately a head level of s ft. when coupled directly to the 
constant volt-e auction unit. 

The duct sections were removable.piecee (4 by 6 In.) of'the ventila- 
tion and boiler-air-supply ductlng having a similar galvanized surface 
and the came curvature as the ducts themeelves. In the upper reglane 
of the boiler-air intake, where the walls of the ducts vere flat, eurfWe 
eamplee (4 ?y 6 in.) were glued.to the inside faces at specified intervals. 
The duct sections were held tightly in plt%ce by a backing plate with a 
cuehion of foam rubber (Figure 6.10). Each of these section6 had the 
eame surface erea to facilitate comparieon of activity cl .inte. These 
eectione provided deta for estimating the cxternsl hazard in the viGix8ity 
of the ducto due to deposition of activfty along their inner surfacee 
and for determiniriff dep,osition patterns of particulate matter thrown 
out by an airstream paeeing through the ducts. In addition, a comparison 
of the duct eectiona from the stations located near the tips of the air- 
eampler cone8 indicated,. by the degree of uniformity in the activi%y 
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deposited, the effect of gravity and*transitional flow at the elbow on the 
reprebentativeness of the air-sampler collection at that point. 

Multirecord temperature recorders were installed at a central 
location on the two test ships. Temperature-sensitive resistance bulbs 
were located at air-sampling stations throughout the firerooms, ventilated 
cubicles, and above decks. 

Pressure-differential recorders were set up to record the static- 
pressure differences in air ducts. %llCm6-type diaphragms were used 
as the pressure-sensitive elements in these recorders to eliminate the 
influence of ship motion. 

A record was also made of barometric pressure and humidity on the 
YAG 40. 

Detailed descriptions of the sampling devices are given in Appendix 
D. 

6.4.2 Installations in the Ventilation SystenS The extent of the 
installation of sampling devices in the ventilation systems of the test 
ships is shown in TDble 6.1. 

The air samplers in the ventilation syetems were installed on towers, 

TABLE 6.1 IHS- TIOI'J Ill VESTIIATIOM CUBICLES (a) 

Sampling Dev-icem 

Air seatplers(b) 

Temperature recordtng 
elements 

1 

1 

Flow recordlag 
lmtruaenta 

1 

G&mm-time intensity 
chamber8 

1 

Duct sections 25 

- 

T11 Number of units 
“dr. ILO 

:ond. I 

2 

C 

f 

1 I 

:ond.I: 

5 

1 

1 

1 

1 

iD 

1 
6ampling 
sir in cl 

1 

1 

1 ’ 

1 

u 

c0nd.n 

1 

Ee) 

1 

1 

C0nd.V 

1 

1 

1 

1 

1 

9 

_- 

1 2 

1 1 

1 1 

1 1 

1 1 

9 28 

(a) Exact location of each air sampler am3 duct rction with nrpcct 
to the duct fraavhfch it eenplem is given in Stctioo 6.6. 

(b) One suction unit rttsched to e&h unit. 

located at elbows, in such a'manner that the cones projected Up6tYmm 
past the elbow a minimum distance of one duct diameter to reduce the 
effects of the elbow on the flow at the sampling point. The cones entered 
the ducts through a rubber diaphragm made by stretching a section of 
innertube over the hole in the elbow (Figure 6.11). 

Four adjustment bolts on the air-sampler mounting afforded a means 
of aligning the axis of the cone with the 8XiS of the duct. The cones 
for all samplers were cut off to present the proper intake area for 4 

isokinetic sampling wherever sanpling was from a moving air&ream Where 
asmpling wa8 from 8 large enclosed spLLce, cone8 were cut off to present 
the 
the 

maximum intake area and et.il.1 re+tain the desired fez3ture Of chan~~li~~ 
air a@in6t the moving filter-paper strip. 
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Figure 6,~ ~chenatic of typical short type continuous 
air-sampler insQ&l.ations~ 

The short sampler used throughout the ventilation system ~58 designed 
to Occupy a8 little hOrieonta1 apace a8 poaeible. The 10% run8 Of 
ventilation ducting .required for air straightening left little room 
between the elbows and the bulkheads. Furthermore, it Y&8 necessary to 

L eliminate turns in the airstream once it had entered the con+? to L&h&x! 
loss of particulate matter to the eidea of the entrance cone. COn8eqU@ntly, ’ ’ 
Cal.1 continuoue air 8tImpler8 cOlleCtin& from specific part8 Of the duct8 
were mounted behind elbove. I 

Each cubicle contained at least one air sampler located at the first 6 
1 

elbow of the exhauet duct except the cubicle for Condition III, in vhich 
the sampler Wa8 mounted off the deck near the center of the space. The 
exhaust-duct samples were intended to act a8 indices of the airborne 
particulate concentration in each cubicle The standard 8y8t8m contained 
four aamplers in the intake duct epaced behind the first and eecond elbows, 
the fan, and the combination heater, in addition to the exhaust-duct 
sampler. Thie arrangement permitted a thorough 8tUdy of the change in 
concentration of the airborne matter passing through the duct, Cubicle8 
for Condition PIA and Condition I each contained a sampler at the first 
elbow of the intake duct, in addition to the exhaust duct 8ampler, for 
comperiaon with the equimlent ss?;tpler in Condition II. 

Th8 auction unit8 for the air sampler8 were distributed arbitrarily 
in the cubicle8 commensurate with the requirement that they be within 
10 ft (one hose length) of the air sampler8 they serviced. 

Each of the seven cubicles contained one molecular filter holdor 
attached to and 8UppOrted by it8 own auction unit. The86 COlleCtor 
were placed near the centers of the cubicles to reduce possible distortion 
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of the airborne particle populations near bulkheado, but their horizontal 
8x33 were rar,donal;y oriented. 

?he-center of each cubicle ~33 occupied by a @mm& 'time-intensity 
detector. Duct 3ectiona in Conditionb IIA and II were intended for 
pri!zary depoeition mea3um?xmt8. Duct section3 were placed inj,the other 
systems for comparison with Condition II. Where duct secticn atatione 
' occmedin straight run3 of ducting, a minimm of two eections, one top 
and one bottom, were placed diametrically oppoeite each other. In some 
caees, as in Condition II, as mmy as.four eections were located at each 
station to give a more-complete coverage of the inner surface of the 
duct. Duct sections are shown ac black rectm~les in Figures 6.4, 6.5, I 
and 6.7, and exact locations with dirrensions 3re given in Figures 6.15 
and 6.16. 

An air-aampler installed in the exhaust of one of the cubicles is 
vieible in the right background of Figure 6.12. Its auction unit and 

figure 6.12 m$cal air otmpler md suction unit 
mangement. 

_. 

2: 

i 

that for a molecular filter collector also appear without their protective . . . 
cover3. The center of the figure ie occupied by a @x&a time-intensity (. 
detector. , 

:d 
._ 

6.4.3 Inotallations in Boiler Syetem. Sampling of boiler air .._ 
and osmpling in the fireroom spaces presented difficult problem. The 
high concentrations of flyaoh and general background diwt caused inotiinate 
filter loadizg. Since high ambient air teqeratures handicap the opera- 
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tion of electric motors and pu~pa, both suction units and corrtinuoue air 
samplers were susceptible to damage by the fireroom teiapemtures. 

Since sample recovery from the boiler-air suction units 1988 planned 
a& because their locations Yere not dependent On those of the ContinuOue 
air samplers or molecular filters they serviced, all the units were grouped 
together in a special refrigsrated box aft Of the forced draft blower in 
the bottom level of the fireroom of oath chip. l&in. galmnized pipe 
ran from th8 refrigerated box to each air sampler and nnoh3cu~r filter 
location. Since the suction unit adjusted automatically to variations 
in pressure drop ahe8d of the pump, variations In length of intake pipe, 
within reaeomble limits, did not affect the i?ate of flow of air through 

the sampler. 
suction units which pulled air throw smplera located In the 

boiler ducts exhausted the air into the duct dcmnstregJll of the last 
sampler; where the saqler was located in the firerooq the sampled air 
was exh8usted back into the fireroom. These precautions were taken to 
avoid interference with. boiler casing air leakage since the euction units 
were capable of pumping 60 cfn into the fireroom ag8Pnst a pressure drop 
of 8 in. of mercury. 

For the most part, continuous air-eanplera were located throughout j 
the firerooms and boil.er ducts in regions of unavoidably high temperatures. 
Since individual refrigeration systems would make s8mple recovery too 
slow under circumstances where speed was essential, ths long-type air 
samplers were designed around telapexature-resistant coI!qonente: gl8ss- 
wound motors, asbeetos gaskets, silicone-rubber seals and high-tesqerature 
grease. 

The lack of convenient bends in the boiler-air ducts required th8 
ent?i: ’ * npler be placed inside the duct to meet the conditions of 6 
stZ%ight s~plir;;; intSk8. The long, narrow c8se design precentod a 
minimum frontal area to the airstream. To e&plify the construction of 

these machines and the recovery of samples from them, the long-type .- 
s 
d aampler w8e used throughout the boiler systems. 

Air-sampler locations in the boiler ducts and firerooms of Y/L@39 
and YAG 40 are shoun with dotted lines at the various stations in 
Figure 6.9. St8X%in@f at the first s8mpler upstream in the duct, the 
following sax~lers are shown for the YA6 40: 

1. Air sampler beneath fidley or uptake space: Body of the 
sampler was in the fireroom above the port boiler. The cone protruded 
Vertically UpWard through the duct and turning v8nes t0 COll8Ct a sample 
88 the air 8nt8I%d the duct. The 8ir temperature next to the sampler 
was nearly 20G°F under closed fireroom conditions. 

2. Air sarcpler ahe8d of forced draft blower or f8n: Entire unit 
was mounted centzally in the duct with the axis of the cone parallel 
with the axis of the duct. Access was obtained through a panel on the 
lower side of the duct just above the blower housing. 

3. Air sampler in starboard windbox: Sampler 3.8~ on the floor 
of the windbox beneath the floorplate level. The cone pointed upstream 
toward the fan housing, This unit was destroyed by salt water corrosion 

t. after Shot 1 when the windbox bec8me flooded. 
&& 4. Air sampler in duct connecting bo$ler windboxes: Arrangement 

w8s sinilar to Item 3 in that the sapler l8y on its side with the cone 
pointing upstream. 
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5. Air 8amplere at top of stack: Since the exhaust etack wa6 
0 

divided down the middle to provide a separate exhaust for each boiler, 
two air sampler8 were etatioxed rride by tide at the top of the stack. ., 

Both poirrted vertically dowmmrd. Neither operated 8atisfactoril.y and 
were abandoned after Shot 1 (see Appendix E).. The auction units for 

L 
theae eampiere, were weathereide of the flying bridge. i.. 

6. Air sampler between boilera: Supported by a tower about 73 ft 
off the floor plate8 of the fir@ aisle. The sslspler wan located 
centralby between the two boilera and tsec8 the only unit which was intended ':' 

1 
to collect a tina differentiated sample from the fireroom. 

Of the eamplers.described, only two were duplicated on YAG 39. -i . 
,_ These were the sampler ahead of the blower and the one in the fireroom 

____._. ~ 

bC+tWmn bOiler8. 
All the units in the air ductlr or collecting from the duct8 on 

YAG 40 were meant to determine the loss of airborne activity between 
various eections of the boiler system which were instrumented, whereas 
the eaxplera in the firerooms of both ships were primarily intended for 
a determination of the airborne activity concentrations. The continuous 
air sampler ahead of the blower in the intake duct of YAG 39 wa8 installed 
for a coBlparison of the washdown cOUntermea8\;ro with the unprotected 
YAG 40 system. 

0ne molecular filter prticle collector was located in the boiler 
room of each Ahip between, the boilers about 1 ft fro= the air-sampler 
towers. !l!he sampling heads were oriented at random. These particle 
collectors were to furnish aamplee for particle-oize-distribution 
etudiee but could aleo be used for eetimating an average activity p8r 
unit volume of air. However, the filter8 loaded with flyash ISO rapPdly 

, that flow rate through the samFling head8 dropped almost to zero within 
, 20 Enin after auction wa8 started. 

Duct section8 were placed circumferentially at chosen loCations 
around the boiler-air-supply ducts of the two f3hip8. Surface aamplee 

-. were glued to the ineide surfaces of the fidley spacee. If0 duct 

section dnetallations were made down&roam of the forced-draft-blower 
houeing (see Figure 6.1’7 through 6.19). 

- k 

6.4.4 Weatherside Tnstallatione. Weather&de instrument locatlons 
are ahown in Figure 6.1. Primary intereet lay In collecting samples 
near the intake8 to the various below-deck apaces. lhi8 objective fJB8 
compromised on YAG 39, where the instruments were mounted on the king- 
poet8 to avoid the waohdown sp#y. 

Three long-type air mmplers with normal temperature components 
were modified for outside operation. These units were equipped with 
tail fina and pivot mounts to keep them oriented into the wind. !Pwo Of 
the aamplers were mounted on YAG 40, one on the port aide of the top of 
the deckhouse over the no. 3 hold and the other on the starboard side 
of the flying bridge forward of the &a&. Figure 6.13 ahOw the deck- 
hOU8e sampler closed up for sampling with the intake cone, 8UCtiOn hoee, 
and power Cable removed. Figure 6.14 depict6 the same unit opened for 
recoveryor maintenance. Its suction unit is visible in the backcsround 
and the eampler on the bridge appear8 in the top center. 

The third air sampler -was stationed on the port side of the Eo. 2 
kingpost of YAG 39. 
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figure 6.13 Typical wez&herside continuous 
installmtion. 

There were three typea of particle collectore 
of the ships: molecular filter%. DKC filters, and _. 

. . 
.’ 

L, 

‘. 

. 

air-sampler . . 
* 

located on the exterior i 
Summed or adhesive- 

coated collec'xxe (Reference 6). One molecular-filter aesembly was mounted 
near each weatherside air sampler. When the molecular filters were 
installed, they were intended only for collecting particle8 for size 
analysis and individual particle studies. Therefore, no effort was rmde 
to orient them with the wind or to protect then from direct fallout. 
It was later fourd that particle-size distributions could not be success-- 
fully derived from these samples. Furthermore, this method of exposing 
the filters did not permit an estiEnte of the air sampled. 

The two,DMT collector heads were located on the top of the flying 
bridge of YAG 40 within about 6 ft of each other. They were exposed 
only to Shots 4 and 5, since they were attached to the two suction units 
previously associated with the unsecceasful attempt to collect a stack 
exhaust sample. One DMf collector from each shot wa8 ueed to obtain an 
estimate of air above de&a. 

Gummed paper collectore, obtained from Pro,ject 2.w in the field, 
were aleo added to the interior contamlnationge weatherside assemblage 
of collectors after Shot 2. Three of these collectors were exposed on 
Shot 4 ati four were put out on Shot 5. 
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Figure 6.1-s View of weatherside sir sampler opened for 
recovery or merintemmce 

6.5 OPFJNTIORS 

Of the f&r ehots in which the teat ship5 participated, only Shot5 
2, 4, and 5 provided data for the study cf Interior contsmination. No 
samlea were returned to IXRDL for analyeie %?ter Shot 1. Samples from 
Shots 2, 4, and 3 srrived at RRDL abmt 3 to 'j' days after each shot. 
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6.5.1 Imtrumnt TMn& Prior to the fie?d Qperation, It had 
been plmned that ell power driven inetrmmttp would be started cr.. S-2hr 
nsd that they would continue operating until ~66 hr. 

Since it #go intended to ntaPt all fnrstYawit8 epnul%~ly just befom 
debarkation, a master switch panel was eetabliti .i eil each ship in a 
readily accessible area. !Fhe test area8 in the No. 3 holds of both shipo 
were the site of the mi-cch panelrz and recording instrumnte for each 
ship, because theee location8 were close to EIO& of the lnrrtmnte and 
were fairly unifom in tmperetwe (about 80*). Pcwer for campling 
instruments was derived from two 60-b alternating-current diesel genera- 
tore operated in parallal. The instruments were rired to the gemrature 
through a &.ngle trunk line, which contaimd a timer-controlled clrcult 

--- ;iN_ti&ti~* ------c-_;-.------.------.L--- _.___ -_____“.__“_‘p-~~_~.~~~~~~~__~~.._~~~~~~--~~.~~ ----- 111 
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lo-eec intervlpls to avoid a serious voltage drop at the generators, they 
were stopped simltaneouely when the breaker opened. Thia circumetance 
caueed a difference in the total tiq of operation between the fir& 
and last etarted eazzplere of about 10 main. This difference wae die- 
regarded in the trerstmmt of the reeults. 

The test-cubicle fane were connected to the generators tbroxgh a 
different circuit, which wae not equipped with u timer for Shot 2. The 
tine continued to operate until the genenatore ran out of fuel at an 
errtlmated 4 hr after the inrtmzenta shut down. The instrument8 uere 
not started at S-2 hr, ae planned, but at S-3* hr. 

Shot 2 operation demonstrated that the 8 hr for.which the tilaar . . 

had beeo set was not sufficient for the instruments to epan the entire 
tirrre Of fallout. The heavily lnstrmented TAG 40 wae just beginning to 
get eignificant ferllout wheu the power operated Instruments shut down. 
On the two succeeding shots, the timer WM set for a 240hr inetrument . 

zwlnfr;. tina. Tfkseds of instrumnt and fan Dpexation relative to shot 
time C&G given in Appendix E. 

6.5.2 Modifications for Shots 2, 4, and 2. 
mznt of three air aampltir stations after Shot 1, 
baeically unchanged from the pretest plans. Tvo 
were put in place of the @tack tip air samplers, 
flyash and were torn during Shot 2. 

Shot 4 operations included modification8 to 
air-sampler filter-paper tracking speeds to mke 
tained run without exhausting the maximum of 270 
each machine. The two Atationary filters at the 

;;r 

Except for the abandon- 
Shot 2 operations were 
stationary filter heads 
but they loaded with 

, 

the extent of reducing 
possible a 24-hr sus- 
ft of filter paper in 
top of the stack of the 

YAG 40 were abandoned, and their auction units were used with DMT filtere. 
Adhesive-coated fallout collector8 were added to the weatherside instru- 
mentation. .In addition, a timer was included in the cubicle-fan circuits 
of YAG 40, which caused all fans except those of Condition I to shut 
down within a short time after the samplers stopped, 

In preparing for Shot 5, there was not sufficient time to fully 
inetrument the boiler systems. Ho surface aamples were placed in the 
uptake spacee, and several air samplers in the boiler eysteme were 
discontinued for this shot. 

. “__ ___ - .._“. _ 



6.6 ANALYSIS AND RESULTS 

- . 

Interpretation of much of the continuous-air-sampler data and all 
of the duct section and surface-sample data -depends markedly on the 
location of the collector relative to the duct system. It is convenient 
to define here the numbering system employed for identifying the sampling 
stations for which data will be preaented in the following sections. 
Sazplos which were not taken from ducts and s8mples which are better 
described without numbers will be treated aep8rately. 

Figures 6.13 snd 6.16 show the location8 of continuous air samplers 
and duct sections in a typical ventilation duct. The presence of an air 
sampler is indkated by a cone pointing upstream and oriented in the 
same way as was the shipboard installation. Note that every air-sampler 
station shown in the figures was not occupied by an air sampler in all 
the test systei;'.s. Reference. is made to an air sampler or air-aarrpler 
cone collecting from a ventilation duct as "air sampler Condition I - 
Station 1, YAC JtO." 

Duct-section dimensions given in the figures measure from the 
center of the duct sections. Where duct sections are labeled forward, 
aft, starboard, or port, reference nmy be made to Figures 6.3 and 6.4 
for the orientation of the duct at that sampling station. 

Duct sections and surface samples in the boiler-air systems 8re 
numbered consecutively. Locations and dimensions are given in Figures 
6.17 throu& 6.19. 

Each of the 24 millipore filters listed in Table 6.2 are numbered 
according to the p8rticle collector from which it was obtained. In 
addition, a number indicating the particular shot was associated with 
each sample. !RIUB, Sample 121-5 would be the molecular filter rxaoved 
from the high-flow -side of the particle collector in the cubicle of 
Condition I, YA6 40, after Shot 5. 

All decay corrections applied to the data presented herein were 
derived from the beta and gamma decay curves reported in Refcmnce 7. 

, To promote ready comparison among the various types of collectors, all 
radioactivity measurements were addusted to the common time of SdlO days. 

6.6.1 Analytical Techniques. Special techniques and equipment were 
developed to analyze the information from the tests in terms of time . 
distribution of airborne activity, average activity per unit volume of 
air, and deposition of airborne material. Difficulties in analyzing the 
continuous air-sampler filter-paper strips prevented quantitative results 
of the time distribution of airborne activity; however, characteristics 
of the fallout arrival are evident from a caparison of various records 
of activity versus time. Because quantitative estimate of activity per 
unit volume of air was not possible from the continuous air-sampler 
record, the millipore and DMT filters served as the sources for determina- 
tions of this quantity. 

6.6.1.1 Tim Distribution of Airborne Activity, Air-Sampler Graphs. 
In investigating the time distribution of activity collected on the air- i 
sampler filter strips, it was necessary to design a counting mechanism 
which would give a continuous record of the activity and have approximately 
the same resolution as the sampler. 
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Figure 6.16 Air sampler and duct section sampling 
stations, Part 2. 

The analyzing equipment consisted of two shielded garmzlds scintilla- 
tion crystal photomcltiplier units, each Connected into a UDR-9 scalar. 
These scalars in turn fed into two rate meters, the combined outputs of 
which were recorded by an Esterline-Angus recorder. The two gamma 
scintillation crystals were mounted side by side in a line perpendicular 
to the motion of the filter-paper strip and its protective cover and Ware? 

shielded in such a manner a8 to observe, 
approximately 6 in. wide and 33 in. long. 

directly beneath them, an area 
in addition, after passing 

through the garmm~ counter, the filter strip and its cover were Separated 
4' 

and each was fed through a beta counting arrangement which employed a 
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Figure 6.17 Surface s8qple locations in the uptake 
space of the YAG 39. 
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Figure 6.18 Surface sample lomtione in the Uptake 
space of the YfG 40. 
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gas flow proportional tube 1 in place of a crystal to record the oum of 
the beta activities on the exposed faces of the filter and its cover- 

, 

strip. It wae intended to eliminate beta absorption by counting both 
the cover strip and filter paper with two beta proportional counter flow -! 
chambers as the papers were unreeled. An additional machine for counting . 
and recording gamma only was used where beta activities were not of 
interest. A block diagram of the counting set up may be Been in Figure 
6.20. 

marts were run to detemxb.e the zsaxinra paper qmed at which the 
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Figure 6~0 Schemtic of contimmus eir-mx@er strip 
a=JW=r, 

rate meter could follow the scalar, and the rate meters were adjusted 
to give a recorded reading on the Esterline-Angus identical to the 
counting rate of the scaler. A plot of the counting efficiency as a 
function of position of activity on the filter stripe was made to 
determine the relationship between the recorded activity and the actual 
activity. 

In operation of the analyzing equipment, three major circumstance6 
contrived to reduce the value of the air-sampler data to a qualitative 
statue. It was difficult to determine which filter strips might have . 
intense hot spots in advance, s o no special eequence was selected to 
preclude possible contamination of the counter. As a result of this, 

.y+ ‘. 
1. i 

plus the fact that the etrips were counted 9 to 16 days after their 

1 Developed by the Nuclear Chemistry Branch at USZZDL. 
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reepective shots when most of them had decayed to an inteneity comparable 
to the background, it wae not possible to dieeociate background from the 
plot8 of activity versus time. The background line attached to each 
curve ie considered an upper limit of the actual background in each ca8e. 
Specifically, the a?~erpe of the activity-versus-time curve below the 
background upper limit ie indeterminate. The parto of each curve in this 
area have not been removed in order that no suggestion of di8cOntinUity 
in the activity arrival would be implied. 

-_ 

.' 

The rate meter8 received their pulse8 from the fourth decade of the 
ecaler, which require8 103 count8 to produce a single pulee in the rate 
meter. Thue, the range of the instrument Wa8 eet too high, and the 
nbsjority of the Esterline-Angue trace8 from the filter strips were lee8 
than 10 percent of full 8cale, except for an occasions1 hot spot. Finally, 
a bad connection wae diecovered between one of the crystals and it8 
scalar long after the otrips had been counted and had decayed beyond all 
further chance8 Of repeating the analy8i8; a recheck of the rate meter8 
showed that the recorded Esterline-AngU8 reading8 Wem'a peculiar 
unanalyzable function of the memory of their RC circuitry for the 
activity already passed beyond the range of detection by the crystal 
and the subsequent activity then within the crystal's r8nge. 

A sharp increase in activity wa8 evident at the end of etLch graph. 
The time interval over which this increase occurred wa8 directly pro- 
portional to the 8peed of the air-eampler filter strip arid correeponded 
roughly to the time required for the last turn of filter paper on the 
take-up reel. Since this activity increase obviously re8ulted from 
contamina%on of the outermost layer of filter paper during sample 
-recovery operations, the contaminated 8eCtiOn ha8 not been 8hOWn on the 
graph8 of ectivity ver8U8 time. 

None of the curve8 obtained from the pzbseage of the strips under 
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the beta probe8 ha8 been included because the beta data were conflidered 
unreliable. The gamut activity x.Y?COZ?~~ (Figure 6.22 through 6.27) are 
preeented for comparison purposes only. They are not intended to be 
quantitative. No grerphs obtained from Shot 2 are included, because the 

4 air sampler8 ehut down shortly after fallout began. 

6.6.1.2 Average Activity in Unit Volume of Air, Molecular.and DMT 
Filters. Attempt8 to H1Efa8UFe particle eize of the radiofsctive mterial 
in the below-deck spaces failed, becauee of the low activity on the 
molecular filter5 at the time the analysis began. Weatherside millipore 
filter8 indicate3 the presence of various kind8 and particulate size8 
of radioactive debris. In general, effort8 to determine the size,range 
of the radioactive aerosol gaining entrance to the 8hip8' interior pro- 
duced only the suggestion that the mean particle diameter wa8 of the 
order of 121 or less. 

The molecular filter8 were counted in a Geiger counter, a m 
scintillation counter and a 4n-geometry ionization chamber. The l&et 
measurement Wa8 to provide a correlation between the ecintillation 
counter and the ionization chamber for the counting of Irregular geo- 
metries such a8 cone liners. 

The beta coulrting arrangement Consisted of a Tracerlab Model 
EG-2 Geiger-Huller tube mounted in a lead castle. The scalar wae an 
IDL Model 161-G. All s~lmple8 were counted on the eecond shelf, except 

I I 

?’ 4 * ,- 
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Sample 102-4, which was corrected equivalent to a second shelf count. 
Absorbers when ueed were placed on the absorber shelf. The millipore . . . 
filter8 were too large (9.0 cm diameter) to count in the beta counter 
without being folded. Since folding would increase the; already signifi- 

i 
cant self-absorption of the samples, small circular pieces were cut from 
the filters with a cork borer. These pieces were counted and the count 
extrapolated to the area equivalent to a diameter of 9.0 cm. The pieces 

2 counted varied in diameter from 0.453 cm to 2.13 cm. The smaller samples 
were cut from the highly active millipore filters taken from the weather- 

. . 

side etations. Since the.ratios between the area of the full-size 
molecular filters and the counted samples varied between 16 and 390, it 
is possible that considerable error may have been introduced in adjueting 
the counts to an area equivalent to the original filter. Kovever, radio- 
autographs indicated rather uniform dispersal o? activity over the filter 
faces. Unfortunately, the rapidly decaying samples did not allow time 
for the counting multiple samples from a single filter. ..a 

By the time beta counting of molecular filters had begun, the 
samples obtained from Shot 2 had decayed to be&ground. Ae a result, 
no estimates of average beta concentrations are included for Shot 2. .5 

Gamma counts of the molecular filters were obtained by placing the 
entire filter on the floor of a lead castle directly beneath the ecintil- 
lation crystal. Theae counts were for intercomparison among the molecular 
filters and for comparison with other samples. 

DMT filters were sublimed at reduced pressure, leaving a residue 
of material that had been collected during the field sampling (Reference 
18). The bulk of the reeidue was oil from the Shot 4 sample and,soot'or 
flyash from the Shot 5 collection. 

) The gamma ionization cham'er used for counting these. samples pre- 
sented nearly a 4n geometry to the test tube containing the residue. 
A tube of slightly larger diameter than the test tube extended into the 
body of the ionization chamber so that the only direction not sensitive 

*: to the sample's radiat1.d was that of the entrance tube. Activity was 
measured in millivolts. Since it was intended to compare the DMT filter 

4 residue counting rate with the gamma count,ratea of the molecular fiitera, 
the gamma ionization counter was calibrated against the gamma scintilla- 
tion counter. It was necessary to assume that fractionation was negligi- 
ble within the vicinity of the YAG 40. Several molecular filters were 
counted in both the ionization chamber and the scintillation counter so 
that scintillation counts per second could be plotted against millivolts 
(Figure E.14, Appendix E). 

Estimates of the total volume of air drawn through the molecular 
and DMT filters were made on the basis of the flow record taken from the 
suction unit associated with each of the collections (see Appendix E). 

#?., ’ 
3L 

6.6.1.3 Deposition of Airborne Material: Duct Sections and Cone 
Liners. The scintillation gamma counter (Figure 6.21) referred to 
above was compoeed of a shielded gamma scintillation crystal photo- 
multiplier unit connected to a UDR-9 scalar. The crystal could "see" 
a circle 7* in. in diameter, which included all the surface of the duct 
sections. In tests to determine the counting efficiency as a function 

>TJ 
I 

of position, it was found that the efficiency fell off with distance 
from the center to a miniml;rn of 65 percent of that at the center for 
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the extreme corners when the sample rested on the floor of the castle. 
All duct sections .=md plate8 from the boiler-air intake were counted 

at the laboratory 12 to 18 days after each shot. This delay yielded 
relatively lcw readin@;8 on all samples, with the boiler-air plate8 being 
very close to background. After all the aamples were counted, values 
were corrected for decay to a common date of S+lO days for purposes of 
comRari8on. 

._ 

Each copper foil cone liner was rolled into a cylinder 3 in. long, 
placed in a plastic test tube, and counted in the ionization chamber 
described earlier. The resulting value8 in millivolt8 were transposed 
into count8 per minute by use of a calibration curve. 

One cone liner, taken from the weathereide air sampler above the 
deckhouse of YAG 40 after Shot 5, was divided into a number of small ’ 
pieces, each of which was counted under the Geiger tube; a plot was 
made of activity versus position on the liner (see Appendix E). 

i 

; . 6.6.2 Reeults of Measurement8 in the Ventilation Systems. 

.W& Measurements in the ventilation system8 gave evidence on the concentra- 
tion of airborne activity in them, the effectiveness of ventilation 
countermeasures, and the extent to which airborne material was deposited 
in the systems. 

1 

. 

6.6.2.1 Concentration of Airborne Activity. Characteristics of 
fallout arrival in Condition II, 'YAG 40, for Shot8 4 and 5 lnvsy be 8een 
in figures 6.22 and 6.23. A gradual decrease in activity occur8 between 
Station 1, directly beneath the mushroom intake, and Station 5, in the 
cubicle exhaust. The shape of the curve of activity ver8ua time ie 
maintained throughout the duct for both shots. The differences in time 
ocQLTence of a particular activity peak at various location8 in the duct 
probably result from irregular stretching of the filter strip during 
sampling and analysis. The smoother appearance of the curve8 taken from 
Station8 3 to 5 ie caused by the alower filter-paper speed in the samplers 
at those stations (see Appendix E). 

These curve8 indicate that the concentration of radioactivity in 

. $. the air did not change appreciably during the time the air samplers 
j& were operating, that is, until about midnight of the shot day. Decay 

effect8 were significant during fallout, however, as may be seen in the 
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Figure 6.23 Conparjson of activity concentrations as a 
function of tine at SM.3 day3 for Condition, II, 
YAG 40, at Shot 5. 
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aifferezce between a single CWB c&ma to sno day6 and comcted 

point by point to time of arrival of activity (Figure E.7, Appendix E). 
Total beta activities found on the molecular filters from the test 

cubiclea are given in Table 6.3 for Shota 4 ancP 5. The separate count 

CUWClC 

I 

L 

.-.- 

‘ 

Ccndltlon IIA, YAG 39 

c0nait10n III, YAG 40 

Cocdition Iv, YAG 40 

ConZition V, YAG 40 

Condition VI, YAG kl 

. 
m 

k %I 8 qyz = pi:“0 

P gfg:: 

1 ~$j 
u k.lxlxi 
12 4.43 x lo: 

l2l 16OxlO3 
122 l2.3xti 

21 143 x 103 
iz 163 x ~3 

31 1QI x 103. 
32 6.97 x IO. 

41 - 

51 239 x 103 
52 6.60 x 100: 

61 3.2 x 103 
62 4.6 x 103 

172 x lO3 

159x& 

lJ.4xl.03 

_ 

245 x 103 

7.76 x I.03 

Shot 

32.9 x I.01 
39.6 x lo: 

622 x 103 
21.6 x lo: 

490 x 103 
26.9x10: 

454xlO3, 
25.7 x 16 

14.2 x lo: 

599 x 103 
33.6 x 10: 

6.85 x 10: 
1.37 x 10. 

72.4 x lO3 

644x103 

517 x103 

4&x103 

14.2 x 103 

632 x ~3 

8.22 x 103 

r&es of the high-flow and low-flow filters are 81~0 Included. 
The gamma count rates of the same molecular filters, plus the gamma 

count rates of molecular filters expoaed during Shot 2, are presented 
in Table 6.4. 

Sample k2 is missing from the table, because the law-flow collectfng 
head of particle Collector 4 was damaged prior to Shot 2. Subeequently, 
the low-flow head was closed off, and all the sampled air was drawn 
through the high-flow head. Since the suction unit for particle Collector 
4 failed during the run on Shot 2, not enough air we8 sampled to permit 
the collection of a measzable quantity of radiosctive material. 

Each of the suction units aseociated with molecular filter collectoro 
and continuous air srtmplere wae equipped with a flow recorder. The air 
drswn through each particle collector between the time of start of fall- 
out and the time of pump shut off has been estimsted on the Basic of 
these recorde (see Appendix E). With these values and the total beta 
and gam:~% counts of the molecular filters, the average activity has been 
derived, Table 6.5. 

The average specific activity in the teat cubiclea for Shot 2 are 
considerably higher than the corresponding values for the rennrining two 
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Cubicle 

Condition IIA, w-39 

Comiition I, YAG 40 

. 

Condition II, YAG 40 

condition III, YAG 40 

Coodition IV, YAG 40 

Condition V, YAG 40 

condition VI, YAG 40 

121 
I.22 

21 
22 

:: 

41 

51 
52 

61 
62 

Shot 2 

3.2l x 103 
0.279X103 

3 
2~x%3 

5.59 x lo3 
0.270 x 103 

D.327 x 103 

la.22 lo3 
0.085 x ,&03 

0.370 x I.03 
0.996 x 103 

0.367 x lo3 

1.78 x 103 

347x103 

5.fi6lL lO3 

0.326xl.03 

1.22x I.03 

1.37x lO3 

shot.4 Shot 5 

::rg : 3 3 1.56 x Id 

f'zxm;3 . 6.96~103 

r.p x 103 
aoo x Id 2*70 x lo3 

5.37 x 103 
).268X 103 5JAx1o3 

).222x I.03 0.222xlO3 

~128~ ~03 ,047 . x &i 0.175 x Ia3 

; ., -6.5 A~!T~~EAEROSO?~.~OA~EI~TRATI~~~~ m I%IM-DDCKS 
-TIONSPACPS I'ORTSREE - 

Shot 4 T Shot.2 

.9 ‘: 2 * 
ld II? cd 

c, u) 

;a 
23 

Cubicle y.4 
SJi 

2% 
xp 

$8 
$9 
-gl 

$! 
e, 

-$% 
* 

hd hm Q;b’ hS 

2.45 0.33 IA.2 1.95 x 103 0.72 1.1.6x1.03 

5.53 0.22 15.5 lk6xl.03 0.28 9.38xX 

744 0.20 9.8 1.05 x lO3 0.4 7.26xlO3 

0.42 - _ 0.018 o.zOxi.03 

Condition I 
(670 cfm) 

condition II 
(loo crm) 

Condition III 
(no fens) 

Condition IV 
(precipitron 
insta.Uation) 

54.2 

41.9 

1.16 

r ’ 
_ . . 

Condition V 
(nesh filter) 

53.2 

Condition VI 
(paper filter) 

0.78 

Conditioil IIA 
(YAG 39 Mshhon 
ccmparison) 

1.48 0.26 19.3 2.07 x103 O.b2 

2.04 0.ol.l 0.73 0.078x 1.03 0.017 

0.22 7.6 o&lx 103 0.13 

-- 

(a) mee~ values we= obtained by multiplying the P c/n5/ft3 of air at S+lO days by a constant factor oI' 
6.3 (Appendix E for derivation) and correcting the resulting figures for &cay to ~+l day. 

5.82 

9.21x103 

0.135 x 103 

1.01 x lo3 

- ---.,I*I.., _,__.. _., ._._ -..-._ - ___-- --.-.- 



.-.___ 

- . 

. . . 
.’ 

: 1 

- I_ 

_c 
I 

-i 

.; 

--f, 

.‘. 
‘.: 

p r’ 
i 

1.e 
. 

z:_ ,, 
. 

,,’ 

. . 
, 

. .3 

, ~ 

:/ 

; 

.’ 
, 

L 

I 

,. ,_*. 

:.’ 

.’ 

, 

, 

i’ / . 
--. 

* 

t 
.<-. 

I 

‘-- .-~.;r*~r,...*.._,.,_.-.___.__.._. __.___ 
. f 

. . .._ . ._ _ _.._ _ . . . . . r--_-.P--.+“-‘-+P.- ., -a*._.-_..._. _ _____ ____ .-.-. -. . _.. 

shots. There are two pksible reasons for this irregularity. First, 
the eampling inotrments shut down before the fallout reached maximum 
inte;naity. ki-th~~&~ %he particle collectors had stopped drawing air 
through the filtera 

i 
the filter face8 were &ill exposed to nriterial 

b 
thrown against them by the intake duct diffusers and to airborne 
particulate matter nettl%ng on them, Consequently, the quotfmt of 
tota counts per ninute divided by total cubic feet of air sampled was _ 
exaggerated. Secondly, the average activity derived for Shots 4 and 5 

* was estirzated from the same r&Lo, but the total. volum of air sampled 
was much larger because of the longer sampling time. If the activity 
concentrations were consfderably lower at later times than at the be- 
ginning of fallout, the average values for Shots 4 and 5 would m re- 
dueed from an wv-e::age derived from a collection mde over a period of 
1 or 2 hours from the beginning of fajlout. The continuous air samples 
do not support this latter possibdf.ity, and poor efficiencies during 
Shot 2 of Conditions IV and VI (Table 6-6) favor the former mechanism. 
Inconsistencies are evident when a comparison is made of total activ- 
ities in the cubicles for different shots (Tables 6.3 and 6.4); total 
activity available to the collectors is not known, snd time of complete 
cessation of airborne activity in the cubicles is unknown. Therefore, 
it is not possfble to deduce the primary mechanian responsible for the dev- 
iations of Shot 2 activity concentrations. While it is feasible to corn-- 
pare cubicle activity consentrations for the same shot, a comparison of 
activity concentrations fn the same cubicle for Shots 2 and 4 or Shots 
2 and 5 is uncertain. 

6.6.2.2Effectivenesti of Ventjlation Countermeasmes. Figures 6,24 
7 through 6.27 depict the relative occurrence of airborns activity in the 

exhaust-duet samplers for Shots 4 and 5. Note the almost complete absence 
of the 1430 activity pesk for Chot 5 in all but Conditions II and V. 
This peak is characteristic of all the ConditPon II stations (Figure 6.23). 

i Reference to Figure 6.27 a comparison of Station 1 activity levels ia 
Conditions I, II (YAG 4Oj and Condition IIA (YAG 39) indicates that a 
small 1430 peak occurs in Condition I. 

It is also interesting that the concentration of activity in 
Conditltons V and VI, YAG 40, slowly increases with Ume for Shot 5. 

An evaluation of the various geometries and protective meohanisms 
can be made from the results in Table 6.5. Condition II, the unprotected 
1,000 cfm system on YAG 40, was the standard agaiust which the other 
systems were oompared. In Table 6.6, the average beta and gamms count 
rates for Condition II have been normalized to 1.0, thereby allowing the 
average values of activity in the other teat condittons to be presented 
in terms of percentages of Condition II values. 

A domparfson is not made between Condition II. YAG 4G, and Condition 
IIA, YAG 39, the washdown countemsure. Although the two ships mere 
close together during the Shot 4 arrd Shot 5 tests, there is evidence 

I thett there were significant differences in total exposure of the ships 
to fallout. 

It is evident that the airborne radioactivity In Condition II, 
YAG 40, is characteristically less thsn that in Conditions I, III and V. 

4 

1Fans continued to run for BODE! time after instruments shut off during 
shot 2. 
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figure 6.25 cmptwison of station 5 activity coxzmntratiorsa 
at Shot 5 as a mnctiop of tine at so10 aaylsr for the 
seven coaditions. 
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Figure 6.26 comparison of Station 1 activity concentrations 
at Shot 4 ~8 a function of time at SIlO days for 
conditions I, II, IIA* 

The excess of eontinuou? air ssmpler cones in the duct elbows must have 
themselves con&ituted the third beat countermeasure against the ingress 
of airborne activity. In general, no significant reduction in the con- 
centration of airborne activity was obtained by reducing the flow rate 
or by introducing a coarse-screen filter into the ventilation duct 
system. It is not known to what extent the particle sizes of the airborne 
material and the shape of the duct intakes influenced this result. 

6.6.2.3 Deuosition of Airborne k'd..er~l. Reaulta of activity 
measurements on the cone liners Eare given in Table 6.7. Value8 are 
presented in terms of gamxm counts per minute* at S { 10 days. There 
is not sufficient accuracy in the significant figures to warrant a 
comparison among the test cubicles, for evaluating the countermeasures. 
The more important crircumstance is that the mechanism of deposition 
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Figure 6.27 comp~irison of station 1 scti.vity co=lcetntratiogar 
at Shot 5 as a function of time St SW days for 
Conditions I, IX, and IIA. 

inslde the cone is too uncertain to allow a compm%son among cone liasr8 
without a knowbdge of the quantitative colleetbm nade by the oorrespandl- 
ing air-sampler filter strips. 

Data are presented in the bar graphs, Figumoes 6.28 through 6.34, for 
the duct sections taken from the ventilation ducts. Stot%on rm&ers 
(Figures 6.15 and 6.16) are reproduced along the bottsn of each chart 
end-again at 
duct ray&en. 

the top beneath a sehexatic Ii& drawbg of the particular 
This mth4 pernits an appmri~tc visual relationship 

. 



TA$LE 6.6 COHPARISGM OF AEROSGL COXZFi?UTXO&s 
IHTWSTzSTciJBIcLEsFQRTK%zSxGls 

Cubicle 

Condltlon I, YAC 40 

Condition XI, YAG 40 

Conbition III, YAG 4C 

condition xv, YAG 40 

Condition V, YAG 40 

condition VI, YAG 40 

Shot 2 She 

63% 

_ 

125% 

4.7% 

17% 

6.4% 

l!M 

6.1% 

-- 

TABLE 6.7 Ghta.14 C~JNT$ OF CONE LUEI?S IN VEWTITIATION SYSTk?ks R)R TIlReE SHaps 

Location of Cone Liner from Air 
Sempler 

Station 1 Condition IIA, YAG 39 
Station 5 Condition IIA, YAG 39 
Station 1 Condition I, YAG 40 
Station 5 Condition I, YAG 40 
Station 1Condition II, YAG 40 
Station 2 Condition II, YAG 4G 
Station 3 Condition II, YAG 40 
Station 4 Condition II, YAG 40 
Statlon 5 Condition II, YAG 4G 
In cubicle Condition III, YAG 40 
Station 5 Condition IV, YAG 40 
Station 5 t'ondltion V, YAG 40 
Station 5 ondition VI, YAG 40 

Shot 2 

Overall Length y counte per 
of Cone liner minute at 

(in.) S&10 days 

---- 
Shot 4 

y Counts per 
minute at 
S&10 daye 

Shot 5 

y ~~tB per 
minute at 
s+10 day0 

between each measurement and its location in the duct. The.counting 
rates ahown iu the figures ap@y to a contaminated area 4 by 6 inched;." 

In SOFB inertances where an fndividual ventilation-duct eJection has 
a very high counttig rate compared to its immediate neighbors (particular- 
ly the bottom duct section, St&ion 2, Condition II, Y4G 40, Shot 41, the 
circumstance may be attributed to liquid runoff leaving an active deposit 
behind. 

As a rule. activity levels of deposited material do not decsaase 
appreciably 
&a increase 

from the entrance to the exit of each complete duct system. 
zb deposited &c&itity Is evident in most of the grab near 
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Figure 6.28 Duct section activities at Ml0 days for 
three shots, Condition 1, YAG &J. . 

the region of the supply duct wye branches. 

6.6.3 ResuIto of Measuremants in Boiler Svstm. Measurements In 
the boiler systems yielded values for the concentration of airborne activ- 
ity there, as well a8 for the amounts of airborne material deposited. 

'. 

6.6,3,1. Concentr&ion of Airborne Activity. Only three charts of 
activity versus time (Figure 6.35) were obtained from the boiler systems 
of the ships, and all were from Shot 4. From the curves, activity con- 
centrations in the fireroom of YAG 40 appear negligible. The unusual 
apparent increase in activity after 1300 for the YAG 39 situation lie not 

‘: 

interpretable, s$nce data obtained from the other instruments are not con- 
sistent with such an increase. 

.-; 
This irregularity ney have occurred in 1 

L:. 
_ 

the analysis of the filter strip. , 
Average activity per unit volume of afr was obtained from the station- 

ax-y f%lters, as was done in the ventilation systems. Results are given I. 
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Figure 6,31 Duct eection actlvitfea at SllO aSyrm for 
three shots, Conaition Iv, Y&l 4.0. 
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Figure 6.32 Duct section Activities at SflO days for 
three shots, Condition V, YAG 40. 

_ in Tables 6.8 through 6.10. The derivation of total volume of airflow 
.&A through the filters is given in Appendix E. 

Prfor to Shot 4, the flow rate through the particle collectors in 
the firerooms had been reduced from 10 cfm to about 2 cfm to avoid ex- 
cessive filter loading. This masure was not successful. The valuee 
given im Table 6.9 for the reeults of beta and gama oounts of the rmlec- 
ular filters for Shots 4 and 5 are of little significance to air sampling 
results, since the flow ratea were too low to be measurb~. The data 
presented in Table 6.10 ape derived from molecular filters for Shot 2 and 
from stationary continuous air sampler filters for Shot 5. 

6.6.3,2 Deposition of Airborne Material. The gamm cowting 
rates of duct sections and surface samples taken from the boiler-air 
systems of YAG 39 and YAG 4t appear in Table 6.11. A dashed line in- 
dicates the sample ma lost in handling. See Figures 6.17 through 6.19 
for identification of tbe duct-section locationer. 

Values of activity deposited on the inside surfaces of'cone liner8 
taken froc the boiler system are given in Table 6.12. 

$ 
6.6.4 Restiltrs of Weathereide kasurements. Values for both the 
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Shot 4 Shot 5 

% 
2 

p 

2: 
111 
112 

19.2 x 103 

12.7 x 103 

__- 

4.79 x 103 
4.45 x 103 

528 x 103 
35.7 x 103 

9.24 x 103 

564 x 103 

ll.7 x 103 
7.44.x 103 

8.49 x lo3 
4.25 x 103 

firerooa, YAG 40 

Firemom YAG 39 
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Figure 6.34 Duct section activities at St10 days for 
three shot8, Condition II/k, Y&3 39. 

r;r 

L,’ Shot 4 Shot 5 

0.452 x 103 

0.420 x 103 

6’ 
-a_-. 

8 
aA 
“,4 

1: 
89 
3 

0.222 x 103 
0.230 x lo3 

Flrrroou.., YAG 40 

Fire-, YAG 39 

Firercmm, YAG k0 

Fireroan, YAG 39 

o.am x 103 o o13 x lo3 
! 0.0047x~3 l 

3.16 x 103 0.180 103 I 3.35 x &I 
x 

0.226 Y 103 
0.194 x 103 

1U 
ll2 

O-944 x 103 0.635 x ~3 
0.302x103 

22C(a* 

25C(bs 

1.65 x lo4 

2.43 x lo4 

(a) 22C is a toktl sample taken fmm a contlnumka air sampler at the eaw? location a8 Particle Collector 9. 
Since the strip of filter paper did not move, smple count la equivalent to a mlecxlar filter count. 

(b) For the aame reason 25C is equivalent to a noleculm filter at Particle Collector U. 
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Figare 6.36 Weatherside activity concentration on the 
YAG 39 andYAG 40 as a fuuction of time at SC10 Caya, 
Shots 4 azzd 5. 

, 

of activity to the cone 1Pnsrs above de&s than oacurred helm deckeF. 
Although the tfErs of maahdom rjpmy operatfou fa tidfcated for the 

YAG 39 sampler, it Pa suspected that ths iPlcreaae.of activity after the 
washdown stoppA ~EJ caincl.dental, becauss the sampler was mmnted above 
the mshdown spray. Differences $n fallout arrival between the YAG 39 and 
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'EADLE~.~~GA~AC~~~R.~~~~~HI:LII&R~~~ 
BOEER SYS'nM FOi7 l?lTiE SWfS AT S+lO DAYS 

Cone liner from air 
sampler located att 

Beneath fidlcy space 
Firerooa;YAG 40 

Ahead of forced draft 
Blower-bofler air due 

YAG 40 

In duct ahead of port 
vindbox,YAG 40 

Between boilers above 
firing aisle 
Fi?eroom,YAG 40 

ahead of forced draft 
dmft bloyer-boiler 
ate duct, YAG 39 

Brtween boilers above 
firlngaisle 
PirerocmYAG 39 

WeraUlength 
tf cone liner 

(in.) 

25 

24 

26 

4 
cone stub) 

23 

4 
cone stub) 

Shot 2 

o.gOxlO3 

1.89XlO3 

5.4903 

0*885x103 

_ 

0.03lx103 

Shot 4 shot5 

7 c/n 7 C/Q 

0.45&03 

0.490x& 

0.166xlo3 

O.810~103 

0.6~~103 

0.464tio3 

‘: \ 

.< 

1.74x103 

0.277xlO3 

. 
‘. ti 
_ 

YAG 40 for Shot 4 are, represented in a comparison of the two plots of 
weatherside activity versus time for Shot 4. 

In previous sections, the moleoular filters have been treated as \. 
indices of the active aerosol concentrationa at the locations nhere they c 

were installed. However, above decks---where the open, unprotected filter 
faces were subject to damage by the wind and rain and where fallout mat- 
erlal could deposit on them regardless o- f the flow rates through the 
filters--- it was believed that the DKl' filter material, partially pro- 9 
tected by a 4-inch-diameter cyU.ndrical intake; would afford a better 
relation between activity collected and the total volume of air sampled, 

Dh!T filter sample count rate at SflO days was 5.82 x 106 c/m for 
Shot 4,and 13.2 x 106 c/m for Shot 5. It was found that the exposed 
screen holding the D"IET needles in place had roughly the same activity 

\ as the filter materiel itself; therefore, t&e best estimate of the total 
. activity drawn in by the samtier for the two shots at S f 10 day is: 

Shot 4, 11.6 x lo6 c/m; Shot 5, 2.6 x 10' c/m, 
The average gamma activity per cubic foot of air above decks on 

YAG 40 for Shots 4 and 5 becomes 1.15 x 103 c/m/cu ft and 2.6 x 103 
& 

c/m/cu ft, respectively. These values are averaged between time of start 
of fallout and time of sampler shutdown. 

No direct estimate is available for YAG 39, since no DhtT filters 
were mounted on that ship. 

6.6.4.2 Denosi;ition of Airborne Mater&xl. Results of beta and 
, 

gamma counts of the weatherside molecular filters are given in Table 6.13. . . 

The adhesive-coated papers were rolled into the shape of a cylinder 
3 inches long and counted in the 4 nionieation chamber. The results are i 

,, p: 
z&l 

expressed in TaKLe 6.l.4. 



Shot 5 

Top of decl-..ouse 71 
YAG 40 72 

Top of bridge 
YAG 40 

Top of mast 
YAG 39 

6.2 x lo7 
1.47 x I.05 

2.67 x lob 
1.59 x 107 

1.06x 106 
6.43 x lo6 

6.16 ; I.05 

4.61 x lo6 
1.55 x 106 

8.4 x 107 
_ 

_ 
2.54 x lO7 

2.51 x lo8 

2.4 x I.07 

I Rh 4 slot 5 
I 

YAG 33 
(7 c/ma/ft2) I Y&G k0 

(1 c/m/ft2) 
YAG 40 

(7 c/m/ft2) 
Location of 
Sample 

No. 1 kin&post 

Drlentation 
of Smple 

YAG j9 
(7 oldft2~ 

horizontal _ 
surface facitq 

UP- 

horizontal 0.88x I.07 
surface feeinS 

upwards 

vertical 
surface facin& 

fO2WZU-d 

1.42 x lo7 

10.5 x 107 6.5 x lo7 2.8 x 107 

0.83 x 107 50.6 x 10~ 

8 
. 
AA 

No. 2 kin@ost 

Top of dec.khous 

It is interesting to compare the results of the adhesive-coated 
fallout collectors with the activities found on the weathexwide molecular 
filters (Table 6.15), where the latter are treated as surface collectors 
and the existence of airflow through the filters is disregarded. 

The molecular filters are of ~p1 order of magnitude of 10 less than 
the adhesive-coated papers. Rain and wind following Shots 4 and 5 
evidently washed much of the active material off the filters, fn add5tfon 
to tearing them badly. 

There is little doubt that the better retention characteristics of 
the adhesive-coated surfaces contributed a great deal to the increased 
tatal count of these surf&es over the molecular filters, 

Results of analyses of cone llnera taken from weathersWe air 
samplers are given in Table 6.16. 
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71 

72 

8l 

82 

lo1 

lo2 

Location 

Top of &ckhOUSe~ 

YAG 40 

Top of deckhouse 
YAG 4O#faciw 
l&P fzom Sample 71 

Top of bridge, 
YAG 40 

Top or bridge* 
Y&G &facing 
~~from~emple 81 

NO. 2 ksngpost4YAG 3g 

No. 2 kin?goet~YAC 39~ 
faClrQ$llxP fronl 
Sample 101 

Shot 4 
(7 c/a/ft21 

Shot 5 
(7 c/m/ft2) 

3.5 x ID6 

8.9 x I.0' 

6.7 x lo6 1.5 x lC6 

2.2 x 106 9.3 x 306 

3.9 x l.06 

2.3 x lo7 
‘i 

:. 

. 

_- 
TABLE6.16 CAu(yA COUNT RATES FORUEATHJ3SIDE 
CONE LIKEXS FOR THHE SIIOTS AT SJO DOYS 

Looatl.cm of cons Omrall Lengtl 
Liner from Air of cone Liner 

Saapler 

Top of Deckheuw, 
YAG k0 

29.5 

Tip of Bridga, 29.5 
u&l 

Ho. 2 Kingpost, 
I 

29.5 
IN 39 

6.7 DISCUSSION 

slot 2 
pouats 
per-. 

1.86x106 

6.%xX& 

Shot 4 Shot 5 
ycounta YccmBtm 
per&. per-. 

2.42 x 105 1.33 x 107 

2.13 x 107 

L.03 x 105 2.58 x 107 

6.7-l Co~t~ison of Activits Concentrationq, Considering the DMT 
filter results to represent the activity above decks and the molecular filter 

’ results to represent the activity in each of the below-decks cubicles, e 
correlation can be =de of the coqarative reductfou in activity for the 
three test areas on YAG 4.0. 

Table 6.17 gives the average activity concentration in each cubicle 
as a fraction of the weatherside concentratfon. 

Most of the larger particles or droplets were screened out when the 
air entered the mushroom ventilation in+take. Either tbey fell uast the 
intake or they were deposited inside the head by the cyclone action of 
the airstream. The reduction factor given for the fireroom, YAG ho, is 
considerably larger than is reasonable , Judging from a coinprison of 
duct se&ion activities in boiler-air and ventilation ducts and from a 

L 
comparison of the count rates for the cone lines taken from air samplers 
in the two firsrooms and in Condition III, YAG 40. In general, there is 
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. 
* 

: 

\’ 

<’ ._ 

A 

/ 

. 
. 

y5 

I 
< 

h ‘. 
* 

Condltlon I, YG 40 

coKldltion II, YAG 40 

condition III, YAG 40 

colulition lv, Yffi 40 

condition v, YAG.4G 

Cocdition VI, YAG 4G 

Fireroan, Y4lG &J 

3hot4 

Fraction of Averqc 
y c/m/ft3 ol Air 
Gaining Acccem to 

the space 

2.87 t lo-4 

-4 1.91 x 10 

1.74 x lo-4 

_ 

2.26xlo-4 

0.96 x lo-5 

w 

Fmctioa of &vGrage 
7 c/&t3 of Air 
Gaining Access to 

the space 

2.77x ID-4 

l.G8xlt+ 

1.85 x lG-4 

0.69 x 10'5 

'1.62 x l&' 

0.65 x lG-5 

Lox lo-3 

to0 little iDfOX%!ation ~rtatiing to activity CqnC&Zation8 in the 
bsileP8b ay8tem to pmlit au adequate co%parir;on with the v3util8tion 
and weath3rside test arem* 

An or&w-of-rsmgdtudo estimate can b de of the activfty re&x&io8 
fron the weatherside activity level8 baa3d upcn cone-liuer comprisonb 

Average cone-liner activity b81W d6CkS OII m @ if3 taken WI th 

arithmetic average for the Station 5 cone linem in Conditions I, II, ‘Iv, 
V, and VI. Atme de&s, the arithmetic average of the cone liners is 
taken off those on top of the &x&heu~~e and on the bridge de&. The 
YAG 39 inertmat situ.ation~allovrs only a ratio txdma the liuers fro= 
Station 5, Condition IIA, aad the Uner from the ijo, 2 kfugyltjst b be 

Berim& Agreement ia good b&men Table 6.17 and Table 6.18 cmzopt 
for Shot & in the latt3r. 

6.7.2 Snmliw Condition& It ha8 beti obmwved that flyrreh in 
the fireroon ewd in tb3 boiler-air system interferred consid3mw with 
the collsction of airborne particulate matter. Flyash, not femparatnre, 
W8S the najo~ thr3fkt to the ScqUiSitiolr of 8 goQd 8aBQle of aiPbOHl3 radio- 
active matter *in this area of investigation. 

Shot 2 shot4 silot 5 

Ret10 Of avenwe Ratio Of8vera&0 Ratio of averwe 
cone liner 7 cone 1irrery conc1inery 
activity at activity at fditity 8t 
station 5 to station 5 to Station 5 to 
awssge con0 liner we-e cone liner exewe cone liner 
7 activity on deck 7 activity on deck 7 activity on deck 

I 
1 

YAG 40 2.89 x 10-4 1.38x lo-3 I 2.38 x lo-4 

YAG 39 _ 6.5 x m-3 1.05 x lG-' 



h’ 
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b!taough quantities of oil and flyash were not absent in wwther- 
side couections, ~iml and rain were predominautlp responsible for dis- 
torting the samples obtained above decks. Therefore, the division of 
this study into three seprats arMU3 of investigation deline8tes the air- 
eumstanoes for which cormclion &ot&.! be t&e bsfore 8~1 adeqmte compm- 
ifml EI?LJf be dmm3. For exaq&3; before a comparison between a beta 
count from a moleoular filter sampling in the.fireroora and a beta count 
from a molecular filter in the relatively clesn air of a ventilation 
cubicle oan bo obtained9 oorrection would have to be made for self- 
abz3omptio~ of the firsroom saqCLe. The comparison bstween a wsathexside 
wqiLe and a sample from ths relatively directional air of a vsntilated 
eubiole is stxLl more diffisult in that a sample collec?.ed iaokfneticzally 
(Reference 19) from a moving airstream is different frcm thst of a sangale 
taken from nondirections or atill air, in that the latter contsins a 
bias which is a fun&ion of particle size (Reference 2G). 

The situation is further complicated by a lack of cerM&y as to 
what was measured in the samples collected from the .=eetherside stations. 
ft has been mentioned that the weatherside molecular filters were not 
shielded against direct impingement on the prevailing windstream, and 
it tm3 observed that they were less active than the gummed surface colle&- 
ors . It has been pointed out that this face velocity of the air entering 
the molecular filters was so much lower than the prevailing wind velo&.ty 
that the molecular filters would be, at best, flxed-surfsce fallout 
collectors. Although the DWl' filters were subject to this same circ;umstsnce, 
their sampiss were better protected against the ensuing rainstorms. 

As a result of the absence of quantitative data from the continuous 
air samplers, the DMT filters were selected to provide ths order of mag- 
nitude relationship between the above-decks snd below-deoks activity con- 
centration, In general, all comparisons made between any two of tha 
three test areas (Tables 627 and 6.18) should be looked upon primmxrily 
as order-of-magnitude estimatea. 

z &&3 AMxnne Mate&al. Figure E.15, Appendix E, indiaates that 
considerable quantities of radioactive matter were thrown out inside the 
ati sampler cones long before rsaohing the filter paper surfaces. It 
is expseted that the ratio of particulate matter deposited on cone liner 
to particulate Batter entering cone would bs much larger for the weather- 
side saq3.ex-s than for the below-decks samplers. This situation is 
borne out qualitatively by a comparison of the activity ratios bstween 
weatherside samplers and below-decks samplers and the activity ratios 
between corresponding cone liners. At a particular time, the ratio 
between above- and belowldecks air-sampler activity concentrations was 
less than the ratio of their cone activities. 

It is n&able that once fallout began, airborne activity concen- 
trations on YAG Ql did not appreciably change after the cessation of 
fallout, at least until the samplers shut down. Deposited activity 
vay have been redispersed in the air upon drying. This observation 
formed tbs basis of the estimate c':‘ average activity per unit volume of 
air for the 24 hour period. 

F;: Table 6.5 shows the marked uxu!rform.ity of the airborne activity 
% concentrations in these test sys..ems, wherqno high efficiency particle 
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removing device was preaeut. The psrthcle 
air was not greatly influenced by the flow 
comparing Conditions XL and III for Shot 5 
that the average activity Ln the Couditicn 
percent less than that of the Condition II 
ison of Figures 6.29 and 6,30 demonstrates 
ity entered Condition II intake duct, For 

concentration 533 the duct 
rate through the duct. In 
(Table 6.9, ft can be seen 
III cubicle was only 23 
@.Mel.e a Howevor, a conpr- 
that cons9derabiLy more activ- 
the apparently small particle 

sizes which gained access to the venLi3ation ducts, the airborne per- 
ticulate concentration nas 1Zttle influenced by ohanges in flow rate 
over a range of 1000 efm to the minimal flow rate of the no-fan situa- 
tion (Condition III). 

The amount of activity deposited inside the ducts kas a function 
of the total act?^vity carried through them, which .Sn turn was a function 
.of the flow rate. It is possfble that systems operating at different rates 
permitted entrance of different particle-size populatfons, whiah ciroum- 
stance would influence deposition and concentration values. 

6.8 CONCLUSIONS 

1. Arrival of fallout was irregular and the time of oessatiol of 
fallout could not bs deter&M from continuous air samples. 

2. Airborne activity concentrations within the unproteoted ship 
were less by about a factor of 5 x 103 than that exterfor to this ship. 

3. Cubicles in Conditions I, II, 11X apld V, XAG 40, oontained 
approximately the same activity per unit volume of air, regardless of the 
flow rate over the range tested. 

4. The ACC filter and the precipitron effected a reduction of 
94 percent to 98 percent iu the airborne concentration. 

5, Gamma radiation from the duets studied in this test was not of 
greater order of magnitude than gamma radiation penetrating the decks 
from exterfor surface deposits. 

6. Significant comparisons could not be made betcreen activity con- 
centrations in boiler air systems and weathers%de or ven%flation areas. 

6.9 RECOMMENDATIONS 

From the standpoint of future investigation, the following sugges- 
tions are recommsnded: 

1. Sevvral features of ventflatfon ducts could b studied success- 
fully on full-scale models in the laboratory: (1) relattve retention 
abilities of ventilation intakes as a function of particle size; 
(2) change in concentratioh of.airborne particulate mstter passing 
throuFh a duct as a function of duct shape, distance, and particle size; 
and (3) efficiency of protective devices as a function of the particle 
size and physical oharacteristfcs. 

2. The observations made in this chapter comprise an Psolated in- 
stance of a shfpgs exposure to fallout from thormonu&ar eqILo3ion3. 

Presumably, characteristics of the interior contaminatfon of a ship 
would have been significantly different, had the nature and conoentration 
of the fallout been different, especially In the region of thro=out or 
base surge. It is recommended that fnterlor contamination resulting from 
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a standardized unprotected vmtil&fon duct be studied under different 
fallout conditions. 

3. A deterraination of waAdom effectiveness in i&Plaiting the 
contamiuation of (9 skipea interi - could be better aceoqUshed kq- 
performing emparison mxmurermnts simultaneously 03 the saxze ship to 
remove the uncertaigties attached to defining relative fallout exposures 
at two or &ore fo@atims. 

, It fs consfdsred that a study of a ahip's interior con+~m&a- 
tion z&iLd be best aensd through access to the following k&de of data: 
(1) total activity per unit volume of air abve and below decks; 
(2) average mmber of radioactive airborne.particles above and below 
decks; and (3) total activity deposited on unit area above aud below 
decks. 

5. It is further recommnded that the measurements be made on 
samples remvad from the ship to avoid the interference of radiation 
fields .and that samples collected below decks be derived from large 
samples of air and large aollectiq surfaces. * 
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A semipor&ble air monitor developed at ,HRDL WCS partially tested 
under field coridf.tfons. Data on the air-contmination levels around a 
ship after m&ear detonations were +tsken and related to the corresponding 
roentgen intemity at the Ssmpling pOfBt. 

The air monitor was designed to indicate a level of 0.3 microcuries 
of beta e&tter per cubic meter of air within.1 zzin after such a conccn- 
tration occurred. Recause ofpartialinstmmentfailure, in particular, 
failure of the detecting system to function in a radiation field of low 
energy photom, continuous readings of activity during collection of the 
samples were not feasible. The ss@ing equipnmt and paper-chsng* 
program devices worked satisfactorily; but since the inadequacy occurred 
in the detcctir4J systez, the activity of the fzmgles was counted at a 
later time. Counting these smples at the later time indicatedthata 
number of ssmples collected as late as 17 hr after the detonation gave 
au average activity in excess of the level at which an alsm should have 
been given by the detecting systems. 

7.1 ODJECTIWE 

The principal objective of the early war&g air-~odbr work was 
to n;ake a field test of equipment developed during the prgceding year. 
A secondary objective was to accmtalate data on the beta emitter in a&r 
around a ship and to correlate the level of the collected beta-eitter 
contamination with the associated gamma-intensity level, which wss 
expectedtobe small. 

7.2 RACM3ROURD AND THEORY 

Calculations at RRDL have shown that large concentrations of total 
fission products my be inhaled in air at early times after a detonation 
without ultimtely overexposing bone to internal beta-emitting deposits. 
Since permissible concentrations for an hour's $x&al&ion decrearte 
rapidly with tW, it is desirable to limit exposures. Limiting exposures 
entails knowing the concentration of activity in air inhaled during a 
given period of time. Such material as ic in dymmic equilibrium suspen- 
sion in air is cqnsidered potentially capable of entering the lungs and 
being completely retained. Thus, the need for apparatus capable of 
deter&nine; the concentration in suspension equilibrium in air at aW 
given time is evident. 

For masuring the soncentration of activit;j in the air, the vOltare 
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of air flowing through the apparatus, as well as the corresponding incre- 
ment to activity collected during the sauxpling period, zust be detexmimd. 
If the r$an,g~ level of activity on the collector is recorded continuously, 
the instantaneous level of activity in air can be determined fra the 
slope of the curve of activity vs time. Since a detector for beta radia- 
tion is also sensitive to ~EWZEX radiation, the gama background mzat be 
elWted frown this curve. In a contaminating shot on land* where the 
radiation field fro= far beyond the imutediate surroundings clay be large, 
the instrumentmust be &sighed to elininatethis background. Above home 
critical level of ~EUEXW background, the instrument will become inoperative, 
but in such case the gsixm.a intensity would undoubtedly have led to 
countermeasures that likely involved s- restriction of ventilation, 

The gamma level corresponding to a concentration of fission products 
ofluc/cummaybe reasonablyassumedlessthsn 2ar/hr. Thus,tbe 
m level can be low while the concentration of beta-emitter qproades 
amagdtw3.e of som concern. Failure to monitor the air for beta-emitter 
concent,%tions may lead to needless restriction of ventilation on the 
basis of m radiation and in the absence of local air contamination. 

1.3 DESCRR!l!ION OFSEXEOR'l!M&RAIR EDNITOR 

!l%e entire air monitoring equipment weighed about 50 lb and was 
operated from the ship18 lil.5~v power supply. Its two major cmonents 
were the collection system, including the mechanism for changing the 
filter paper, and +&e device for detecting beta emitter on the filter 
paper. In the collection system a small turboblower from a wwuum 
cleaner drew air through a filter paper (Army Chenical Corps, type No. 5) 
at a face velocity of 2 misec (14 to 15 cfh), thereby ensuring collection 
of 0.3 p particles at an efficiency of 95 to $3 percent. The filter 
psper was on a roll that permitted 200 changes, either at pre-set inter- 
vals or whenever the beta-emitter on the paper was sufficient to cause 
the sensing snd recording devices to read full scale. 

A principal feature of the air monitor was the provision for showing 
an alarm level of activity in the air. If a full-scale reading occurred 
within 1 xin of a previous change, an alarm signal was activated by 
relays set to function at ~JZC/CU m of filtered air. When full-scale 
readings resulted later than 1 min after a preceding change, a wax&g 
light indicated the presence of activit;r. 

The device for detecting beta emitter on the filter paper included 
two thin-window GM tubes placed 3 in. above the paper, the entire counting 
head and collection assembly being surrounded by a lead shield & in. 
thick. It had been shown in the laboratory that such a shield 
reduced garmaa radiation from an external field of several r/hr to an 
acceptable level. In this arrangement beta particles from the 
collector paper could pass through both tubes in series and initiate a' 
coincidence count; since external gsms~ radiation was not expected to 
count in coincidence, this minimized gs.xs~ background. The output sign&t 
from the co?incidence circuit passed through a discriminator and into a 
rate-meter-recorder arrangement. -Activity on the paper was coszpared with 
the readings from standard ssz@es of &-X90 by calibration. 
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7.4 OPERATXORS 

Two similar air monitors, neither of which was eoxpletely tested 
before shixment, were used st the site. Ooc wm munted on the flying 
bridge deck of ihe YAG @ and set to 
The otherwaslooated inbarracks on 
intervals and was operated mamaally. 

. 

Data taken on Shots 1, 2, and 4 me given ia Tables 7.1 through 7.4. 
!l!he airmonitoronthe flyingbridge of the Y&t::- k0 was sat to collect 

eoux!t sanoi>les at 3oain inGrv&s. 
Site Elmer. It was calibr&ed at 

LMTW! WXOCIE~~~ P&u m rhcoretlcbl Pc/cu 1 at 
Of xl swlple bt &, b allt1p1iar collection 

collection 
After to 

bt to b 551 557 hr Tia 
br 

(h) 
bPPror.1 

t.5 EiE 

r2.5 O&O6 
0.024 

;*5 0.018 
o.ol8 

i.5 0.014 

:-:: :.5 0:013 

2.5 o.ol3 
0.006 

T.5 o.007 
o.ca3 

i.5 0.003 
0.003 

g.5 0.018 

E.5 S:i$ 
0.045 

ii.5 0.042 

55 
~~o52& 

0:059 

z-5 ::tZ 
lb 

x3 lb.5 . 
$OSS& 

$5 . 

:-z 166.5 
Oh6 17 

~toppcd. 

z.5 
0.017 
0.015 

g.5 
0.024 
0.003 

35 0.003 
I 

GO.5 0.015 
: D(MPle* 1w. 

0.0000 1000 
O.Owl -620 ::g 
O.oorl I55 

355 X:E 
::= o.b.5 
0.0015 zi 
O.OOl.2 
0.OOl.l 2: 
0.0012: 200 
0.oOl.l la5 
O.OOll 175 
0.01305 165 
O.ooo6 155 
O.OOO2 146 0.03 
0.0002 0.03 
0.0003 g 0.04 
O.Wij l26 0.19 
O.OO24 l20 
0.0033 u5 
0.0038 
0.0035 % 
0.0044 103 
0.0054 100 
0.0049 
0.0060 z 
0.0054 
O.OOM 
0.0045 
0.004g 
;.OW& 

0.47 
oh54 0.42 

0.0039 o-29 

0.0015 40 0.06 
0.0013 0.05 
0.0020 0.08 . 
0.0002 0.01 
O.OCW 0.01 

O.OOl3 32 0.04 

300min seqles from Shots 1 and 4 and kkain samples from Shot 2. At 
Shot 4, the monitor was set to record beta buildup on filter paper; but 
failure of the equipxnent prevented making these records, and only the 
SO-min saarples were obtained. The air monitor in the barracks was 
operated mmally to obtain the beta buildup on filter paper. 
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Beta activity on seaoples taken at §hot 1 was determined with 8 
pronortional counter at (to b 557 hr); at Shot 2, at (to 4 201$ hr); 
and-at Shot 4, at (to + 1750 hr). 

The theoretical decay curves~ shown in Figure 7.1were used to yield 
multipliers that would give the approxinrate sample strength at the time 
of collection. Information for these curves was obtained from Project 2.5 
and 2.6 personnel at the site. 

The data are given princip&ly for the record, and little attempt 
has been made to interpret them phenomenologically. They are plotted 
in Figures 7.2 and 7.3, together with information on the corresponding 
gamma intensity obtained by snother gro~~p in the project. 'One interesting 
point in the histograms is the appear-c+ of secondary peaks of beta- 

lwiLEy.2 mn!2BETAAcTIvsTY0~mE FzYIlGBRYDGEOP~YAGbO 

Sample 
Ruder 

l-8 

ZO 
l-11 
l-12 

::z 
l-15 
1-16 

i-s _ 
l-19 
l-20 
14% 
1-22 

::9 
1-25 

::g 
l-28 
1-29 
l-30 
l-31 
l-32 
l-33 
l-34 

Y,an Tim? 
Of 

:ollect.ion 
Liter to 

(hr) _.- 
1.6 
2.3 

;:: 
4.3 

z . 

f 2 
2 f 
;:: 
10.3 

ti:: 
12.3 
13.0 
13.6 
14.3 
15.0 
15.6 
16.3 
17.0 
17.6 
18.3 
19.0 

0.000 
0.002 
0.034 

FEZ 
oh3 

k%i 
o&8 
0.052 
o.obb 
0.063 

EE 
0:op 
z.O$ 

0:016 

E% 
0:016 
0.021 

8:3 
0.058 
25.0 
0.300 i 

-31 

19.8 4 0.05 
: 19.0 0.02 
, 18.3 ; 0.02 
e 17.6 : 0.02 

17.0 I 0.02 
: 16.4 0.02 

0.03 
0.13 
0.05 
22.9 
0.32 

Semplcs l-33 cud 1 lb ehoved tba' the filter papers bad been soaked, _ . ina~ca~icgtnsta rainrrto~hadprobab~wsrnshed contaminated material 
iron nearby M.rIftures l&o sir intake. 

Kicrocurles 
on Sea&e at 
to c 2013 br 

- 

b 
1 

t 

O.OGCQ 
O.oool 
O.O%?l 
0.0025 
0.0028 
O.OOfl 
0.OCg 
0.0028 
0.0199 
O.c4J33 
0.0028 

ym& ; 
o:co!& 

2.; i : 0.10 0.26 
: 2312 I 0.06 

o.ciEo t I 0.04 
O.ti~ 1 Et:; 0.09 I 

‘ 0.0020 

i 0.0013 
i 0.0016 

krltiplier w/cu m at 
Collection -T- 

% 1 0.00 0.01 
62 ; 0.13 
52.5 

t:‘,’ / i 

3C8 
3b.6 

/ 
;*g 0:ll 
ou 

i 0:10 
32.0 1 0.64 
2.; . ; 0.08 0.10 

emitter concentrations occurring after the first peak. It seems that 
fractionation by sizes, with slower settling of smaller particles, may 
explain the occurrence of such high levels without a corresponding rise 
in the gamma intensity. As was stated earlier, the gamma background due 
to beta-emitter concentrations considerably higher then those observed 
would lead to negligible increases in the gamma intensity while still 
being of interest as internal hazards. 

In general, the data taken on the YAG 40 indicate that the airborne 
beta-emitter concentration is often independent of the background gamma 
level. An initial background buildup seems to occur after the first air- 
borne contamination is detected, as was noted particularly on Elmer. !fhe 
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TABLX 7.4 SHOT 4B!%TAACTIVITXON THE FLYINCRRIIXZE OFTHE YAG b0 
- 

T 
_. -- 

Estimated 
ssnsbh 

pc/cu m at 
Number 

Collection 

Y= 

i 

--- 

;:I 
Number I of 

I Collectior 

sample Streogti! ~eorekical 
nt to ) 1750 hI Multiplier 
x 10-9 Curies (APP=. ) 

3mple Strezgtb 
at t ) 1750 hr 
K loQg CWiCS 

EIeao Time 
Of 

Collection 
After tl 

o=) -.- 
I After to 
1 (hr) 
I 

5-8 1 

::% 
5-U 
5-12 
5-:3 
5-14 
5-U 
5-16 
5-17 
5-18 
5-19 
S-20 
5-21 

;:i 

5125 
5-26 

;:zj 
- 
5-30 

:-ii 
;:;; 
- 
5-35 
5-36 

0.2 
0.7 
1.2 

::; 

5.i 

$'i 

4:7 

::; 

2:; 

77:; 

i:; 

9':: 
10.2 
10.7 
11.2 
11.7 

z:: 
13.2 

it*,7 . 
i4.7 
15.2 

3': 
16:7 
17.2 
17.7 
1p.2 
18.7 

t;*: 
2o:2 
so.7 

-.- 

FZ 
235 
230 

z 

EZ 
205 

z 
193 
190 
187 
184 
181 
178 
175 

:6'; 
166 
163 
160 
157 
155 
153 
151 

:s 

:z 
rW, 
142 
lb 

-.- /I- 5-51 

:c 
0:57 
0.11 
0.01 
0.00 
0.01 
0.00 
0.01 
O&5 
0.01 
0.09 
0.05 

i:$ 

0:11 
0.11 
0.08 
0.03 
OS8 
0.05 
0.07 
0.05 
0.05 

i:g 

$2 

0:0O 
0.M) 
0.00 
0.01 
0.01 
0.04 
OS0 
0.00 
0.02 
0.02 
0.03 

5-52 
5-53 
5-54 
5-55 
5-56 
5-57 
5-58 
5-59 

:z 

:g 

:z 

:-$ . 

s-z 

:-ii _ 
5-72 
5-73 
5-74 

:-;z _ 

:3 

:g 
5-81 

:% 

5; 

:s 
5-89 

::: 
7 

- 
0.03 
O&4 
0.02 . 
0.02 
0.01 
0.01 
0.02 
0.01 
0.01 
0.02 
0.01 
0.02 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.01 
0.01 
0.02 
0.02 
0.20 
0.01 
0.04 
0.01 
0-W 
0.00 
0.00 
0.02 
0.01 
0.W 
0.0; 
0.00 
0.01 
0.08 
0.01 
0.02 
0.00 

21.7 

E: 
23.2 
23.7 
24.2 
24.7 
25.2 
25.7 

31.2 
31.7 
32.2 
32.7 
33-2 
33.7 

'3:*; 
3512 

% 
36:7 
37.2 
37.7 

Ff 
39:2 

Et27 
4o:7 

1.35 
2.10 
1.15 
0.85 
0.65 
0.55 
1.30 

X:E 
I*35 
0.80 
1.15 
0.90 

ii:: 
0.85 
0.65 

::: 
1.55 
O&O 
0.65 
1.65 
1.10 
15.05 
0.70 
2.30 
0.60 
0.35 
0.40 
0.22 
1.89 
0.89 
0.33 

t:"n 
0.61 
6.72 
0.61 
1.72 
0.33 

0.29 
0.31 

Z!(a) 
:.;;(a' 

0:05 
0.05 
0.10 
0.00 

,“:%I 

0.10 
1.75 
0.90 

. 

665 
455 
440 

t;:(S) 
415 a 

II 405 a 

2.10 
1.36(a) 
1.5ob 
2.68h I 
3.10 
2.80 

,"Zb) 
o.a5 
0.15 
0.15 
0.55 
0.50 
r.90 
0.20 
0.10 
1.10 
0.95 
1.60 

%4 
317 
310 
303 

v 29 
293 
277 

3: 
260 
255 

5-37 
5-38 I 

i38 
136 
134 
132 
131 
130 

II (a).Beta activity &termined at k t 1875 hr. 
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occurrence of airborne contamination may perhaps be used to-infer the 
forthcoming buildup of gamma emitter. 

The mechanical and electrical features of the two monitors operated 
very well and can be depended upon in -.ny later design of the change 
mechanism and the timing arrangements. 

In practice it was found that the coincidence circuit was not 
satisfactory. The tubes were received from the manufacturer too short 
a time before being put into the detector to make a proper study of their 
characteristics. They were found to receive too much gamma radiation to 

I IO 100 

TIME (HR) 

Figure 7.1 Theoretical beta decay CUXV~S for Shots 1 and 2 

allow sufficient operating time for true coincidences to occur when 
simultaneous beta traces activated them. In the field, the coincidence 
feature was abandoned in both installations; hence, the alarm system was 
not operative since it was triggered by a signal from the detector. 
Instead of the coincidence system, a single tube surrounded with lead was 
operated directly into, a Nuclear 16133 ratemeter and, thence, to an 
Esterline-Angus recorder. Such an instrument should be useful in roentgen 
fields of 0.5 r/hr background, as shown by shielding ratios with lead, 
particularly if a si.&e method for inserting a beta-calibration source 
in the counting head can be devised. 
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It is concluded that deteminatiox of beta-activity on a filter 
paper cannot be nmnaged in fields greater than 0.5 r/h without redesign 
of the shielding to reduce the intensity of scattered radiation reaching 
and saturating the Oeiger tubes used as sensitive detectors. Inlow- 
background regions, however, the conbina%fon of single tube with adequate 
shielding and ratemeter-recorder cozbinatior: can be used 

7 
aeter- 

"raming device, which easily indicates the presence of 10' curies of 
beta activity per cubic wter of air (see Table 7.3 footnote). Such a 
device, when cozibined with the mechanical and electrical pager cw 
system, gives satisfactory warning of the presence of beta-emitter or 

0.0030 

0.0025 

0.0020 

0.0015 

0.001 
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0.14 
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G 0.13 

:: 0.12 

:: 0.1 I 

F 
s 0.10 

z 
2 0.09 

8 
0 0.00 

iz 0.07 
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,: 0.06 

5 
g 0.05 

a 
0.04 

0.03 

0.02 

0.01 

0 
0 I 2 3 4 5 6 7 8 9 IO II 12 13~~ 14 15 16 I7 16 19 20 21 22 23 24 

TIME AFTER 1 (HR) 

Figure 7.3 Airborne beta contamination at Sfte Elmer at 
collection timf2. 

incipient buildup of 
is less thaa 3 r/hri 

7.7 mOl424mmrIo~s 

gamna-emitter in regions where~gama backgrcmd 

Before the air-monitorwith the emly warning feature Can be Con- 
sidered satisfactory for use in relatively high fields, Son+? Arr~Zke~ 
work should be done on the detector system to diminish its sensitivity 

p:, ‘ 
to low-energy scattered radiation or to high-energy trantmitted m 
intensity, Methods for studyins the tubes and the effect of a proper 

%I dispositio.1 of baffle6 have been p&mned. 
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The shipboard gamm eystem is usad, in conjunction with a data 
reduction system, to proiride long-term coratinuous information relative 
to radiation fields. The instrumnt consists of a series of iotizatioa 
chambers, associated e?.ectrmieter and relay'ctiuitry, and Esterline- 
Angus pen-type operation&!. recorders. The system io the autorecycle 
type; so that, as each increment of radiation is received and recorded, 
the cha&er is recharge& to its 0rigimJ. voltage. !L!he information for 
eachchmberis storedas a simple pulse, eachpulse correspondingto 
the basic iucrezent of gmma radiation for the even chamber. The basic 

, c-r immmento are 0.11~3~~ 1.013~~ lr, am3100 r, thus,cweringthe 
range f'rosl 0.1 xr/hr to 10,000 r/h-~ if one chm&er of each type is used.. 

The data-reduction apparatus is use& to convert the recorded data, 
which are discontiuuous aualog infomation, 5nto continuous aualog plots 
of accumulated dose and dose rate as f"unctrons of time. !The accumlated 
dose and dose rate CLIZJ be plotted as linear or logarithmic functions 
with linear or logarithmic time bases. 

8.1 

The purpose of the instrumentation phase of project 6.4 was to 
La 

provide a system for obtaining simultaneous information relative to 
accumlated gama dose aud gmma dose rate at a large number of stations 
located over awide area. Test needs required that the system operate 

.- attended for days and, also, that it provide a permanent record of the 
gamma-field conditions. 

I 
An auxiliary purpose of the instrumentation 

sylstem was to furnish supplemntary data for certain other projects of 
Operation Castle. 

Uncertainty of eiollbe of the experimntal. conditions dictated mauy 
of the specifications for the instrumentation system. First in import- 
ance was the curve of cumlative dos 

% 
versus time, for which the systelr, 

had to provide cumalative dose of 10 r. Furthermre, the system bad to 
provide a plot of dose rate versus time , in which dose rates rar@ng 

. from 0.1 rxr/hr to 36,000 r/hr were measured. This upper limit was later 

t 
reduced to 10,OW r/hr. Au EbcCUretcy of 1 percent was origimlly epeci- 
fied for the instrumentation system.. 

E 
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To cover adequately the test area, 137 ixhztwnt stations were 
specified. In addition, three stations were installed adjacent to the 
instruments used for Project 2.5~~ to correlate Project 6.4 data with 
those.from Project 2.5~~ Since aany of the locations frere in exposed 
areas, suitable coverings had to be provided to protect the instmnte 
from the weather. These coverings also served as a beta shield, so that 
the instruments responded only to gamma radiation. The instrument 
stations were exposed to ambient temperatures ranging from 50°F to 320°F 
and relative -humidity of 90 percent. 

Design of the power supply was based on a nominal g-month duration 
for the test and unattended l%day operating periods. 

Reliability was the keynote in the design of the instrumentation 
system. Precautions were taken so that failure of any one instrument 
did not interfere with another. Separate pcrtmr sources 
were used where they were feasible. Providing mzsns of 
leading results due to local,contamination was explored 
planning of the instrumentation systems. 

8.3 KEXROD OF ATTACK 

and recorders 
avoiding mis- 
throughout the 

In the instrumentation system, autorecycling ion chsmbers were used 
to gather the large amount of data in discontinuous analog form, and a 
data-reduction apparatus (DRA) was devised to reduce it to a continuous 
function. The ion chambers were designed to recycle after receiving a 
predetermined cumulative dose. A recorder indicated when the recycling 
occurred. Because the gsxmi dose rates ranged from 0.1 mr/hr to 
10,000 r/hr, each instrument required four ion chambers. Each of these 
provided information over 2 decades. Some overlap between ranges was 
provided to allow cross calibration and permit the data to be normsJ.ized 
when necessary. The recorders were pen-and-ink type. Parallel recording 
of the detectors comprising a station was provided to insure a.@%& loss 
of data due to failure of the recorder. 

The DRA was devised to perform two types of computations and plot 
the required curves* It computed the cumulative dose by summing and 
weighting the recorded dose increments and computed the dose rate by 
measuring the time between recorded pulses. The time between recorded 
pulses was inversely proportional to the dose rate. 

Design and development considerations leading to the adoption of this 
method of attack on the instrumentation problem are discussed in 
Appendix F. 

8.4 DRSCRIPTION OF ThR INSTRWWTION SYSTEM 

The extent of the inst~nt&.ion system is indicated in Figure 8.1, 
which shows the station locations on the two test ships. 

!I% instrumentation system consisted of two parts: the ~EWB 
The DRA was set up and used at the 

;5+! 
recording instruments and the DRA. $@ 
site, then dismantled and returned to NRDL, where it was used to complete 4 
the analysis of the data from Project 6.4. 

8.4.1 Gamma-Recording Instruments. The gamma-recording instrumsnts : 
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consisted essentially of a large mmber of similar units, each having an 
ionization c-r, an electrcmeter circuit, a power snxp1ifyin.g device, 
and a recorder. Figure 8.2 is a schematic diagram of a gamma field 
recordtig imtm3x3at. As is evident from this diagrm, the instrument 
9s an autorecycling, intigrating, ionization chmber system A type 
58W tube is used as a comentimal inverted triode. The input element 
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Figure 8.2 Simplified schematic of the gama-detector 
channel. 

is (Q, and the output current signal is t&en from 01, !Ihe Sensitrol,l 
a meter mvement-type relay is the power aviplifying device. The Seilsitrol 
is biased by a back current set by the 5.2.~ calibration adjustment. This 
back current determiues the output current froze the-electrometer required 
to energize the 5-p emg Sensitrol. The recycle relay2 is shown in 
Pimre 8.3. !Fhe Sensitrol energizes the recycle relay, which in turn 
energizes the recorder mcmentarily, recharges the ion chamber through the 

g Mfg by Weston Electrical Instrument Corporation, Newark, MI J. 
Mfg by Potter-Brmfiel Katmfacturing Company, Princeton, Indiana. 
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Figure 8.3 the recycle relay. 
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. 

special coiled spring contact , resets the Seasitrol, and charges the deiay 
capacitor. The potential of the delay capacitor is applied to the plate 
of the electrometer. The electrostatic field generated by this plate 
prohibits current from flowing to the output tube element, regardless of 
the potential on Q. The delay capacitor discharges through the delay 
resistor and requires'about 7 set to reach a Dotentfxl sufficiently low 
that output current cau flow in the electrometer tube. The 5886 t&e 
clamps the electrometer tube plate at zero volts after the de3,ay capacitor 
has discharged to permit proper inverted triod operation in the electro- 

. meter. 

. Tp: 
To cover 

3&k tion chmbers 
andDaudhad 

! 

a range of 0.1 mp/hr to 10,000 r/hr required four iouiza- 
at each station. These chambers were designated A, B, C, 
incrments of 0.1 mr, 10 xur, 1 r, and 100 r, respectively. 
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The differences between the detectorswere chsxuber volume, gas pressure, 
and size of the integrating capacitor. Table 8.1 lists these differences. 
The capacitors in the B, C, and D ch&nbers were accurate 
percent. The A detector depended upon stray capacities, 

% so accurately maintained. A radiological calibration of 
shoved that 1 percent accuracy could not be obtained, if 
voltages kTere employed, because of slight differences in 

to within i 1 
which were-not 
each &ember 
identical swing 
chamber pressures. 

TAEU 8.1 -mxs~~cs OFTIE IOR CKAHEERS * 

l 

Detector C-r Sntegratln~ 
v01lme PIWS6WC OM CaDSC1tOr 

(at=) *-._ 

A 1.2 liters ’ 10 
4 
!a$ QIY Itc loBPf 

B 1.2 literr, 2 9% n2i2e He 1mrPf 

C 1.L dterr 2 9895lQ;*ik 0.01 p f 

I! 3 ce 2 !w q;2$ Ee 0.01p f 

%e swing voltage is that voltage across the chamber ax&integrating 
capacitor that is discharged by the chamber current. Increasing the 
swing voltage increases the charge required to discharge the chamber and 
capacitor, thereby increasing the instrument increment. To compensate 
for differences in chamber pressures and stray capacities, a different 
swing voltage was used for each chamber, so that the increments were 
accurate within k 1 percent. The swing voltage is adjusted by means of 
the upper calibration adjustment. 

Although each detector covered two decades of information, all 
detectors were continuously recorded. The maximum recycle rate at which 
information was to be used was 1 cycle every 10 sec. The 'T-se:: dead time 
caused by the delay circuitry gave a sufficient margin of safety to permit 
usual variations in components of standard commercial accuracy. When one 
chamber was recycling once every 10 set, the next higher chamber recycled 
once every 1,000 set (16.7 min). This arrangement gave data points with 
sufficient frequency, yet did not require an unduly large number of 
detectors. 

The gamma instruments were installed as two units: the detectors 
were mounted at the test points and the coutrc? units were plaWd at 
some distance in an air-conditioned room. The two sizes of detectors 
are shown in Figure 8.4; detectors A, B, %nd C were the same size, and 
D was much srcaller. The portion of the electronics in Figure 8*2 shown 
within the dotted line was contained within the detector housing. The 
ezdcp6nics mounted on the detector base plate are shown in Figures 8.5 

The lead cylinder shown in the latter figure contains the 
integ;akng capacitor. This lead shield was required, because the 
capacitor leakage resistance diminished in radiation fields, The teflon 
center post made contact to the chamber collecting electrode. 

A tyl?ical detector installation, with and without the protective z6 
dome, is shown in Figures 8.7 and 8.8. The chambers were sealed, and a 4 
short length of cable was brought out through the base plate; A l2-wire 

b cable connected the detector to the control unit. The latter figure also 
shows the polyethylene beta shield used on each detector. This shield 
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Figure 8.4 Two sizes of the four detectore; A, 33, amI C 
were the larger ones, D, the smaller. 

was s-in. thick. 
The energy response to the detectors is shown in Figures 8.9 and 

8.10. The low energy response of A differs from that of I3 and C 
because of chamber wall thickmss. Chmiber A was filled to I.0 atmospheres 
and required a l/&in. aluminum wall; chmnbers B and C had l/%-in. 
aluminum walls. Chamer D was covered with O.OOf&ir,. lead foil to ixprove 
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Figure 8.5 Detectcr electrometer aesembly showing main 
relay and teflon-insulated center post. 
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Figure 8.6 Detector electrometer rrssenzbly showing the lead- 
covered integra%ing capacitor. 
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Figure 8,7 Typic&l below-deck (gamv~ detv’or with lucite 
dome cower. 



Figure 0.8 Typical below-deck 
removed. 
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PHOTON ENERGY (KEV) 

~gure 8.9 LOW 

the energy responcr: of 
The control umits 

energy response of detector8 A, B, and C. 

this detector. 
were zmWed In an air-conditioned rooa, together 

with the recorders. Four control units were mounted in 8 horizontal row 
for the fourdetectors of a station. Five such rows were conlaiqd in 
any single control-unit rsssetily. The soups of fuses on the right of 
the front panel were comnon to.all detectors in 8 station. Each channel 
bad a separate filament switch. A telephone-type jack was used in the 
electrical calibration of a channel. A calibratiag unit was plugged into 
the jack, so that the Sensitrolbias current and the wing voltage could 
be~~~~uredaudadjusted. A &-wire cable wa8 used to interconnect each 
station. All components except batteries were mounted on the hi.wed 
front panel of the ame&ly; dry batteries were contsined in the a?&!~?~ 

20 30 40 50 60 70 80 loo I% 200 25C 300 400 500 1000 1200 

PHOTON ENERGY (KEV) 

Figure 8.10 Low energy response of detector D. 

259 



‘j, _ ._ _ : -_ -.__,. _ .-_ . . . . . ..__-.111-m. - --.IlSI-..z.-....s-_.. .__ _ . . __-_-x-.. - . . r* 

- 

The 20 pen-and-ink type recorders1 were used. Tuo recorder8 were 
mounted in a slngle case. Each recorder accomodated five detector 
stations. Since so= stations dljd not use four basic detectors because 
of limited range rtquireraents at their locatims, all recorders had at 
least one unused charnel. The recording pem were energized by solenoids. 
When these are energized, the pen moves to the right. Since the pens 
were energized ~nehtarily, the record was a trace -with pulses indica+& 
on the rlght side. yigme 8~.l sha;rs. a typical. recorder chart. 

Tne.recorders required 46 v direct current for their operation. 

Figure 8.~. Typical recorder chart. 

, 

* ‘. 

Because the current requirem=ts were too heavy for dry batteries, lead- : , 
acid storage batteries were used. Lead-acid storage batteries were also 
used for electron tube filament power. Six-volt batteries were used, and 
a resistor was piaced in stgies with the tube filaments. This resistor I, 
gave some filment regulation. A battery charger used to trickle charge 
both the 48-v and 6-v b&Amy bmks whenever alternate current power was . i . 
available. 

Figure 8.U shows two racks of eq@mnt in the control unit or 
recorder ram. The trickle chargers are at the top. One 48-v and one 
6-v battery bank served as power sources for two control-unit ass&lies. 
Comeguently, one charger per rack was sufficient. Two control-unit 
assemblies md two recorders occupied the rest of the rack. sax! of the 3 3 
Sensitrols olersked off in the figure are for unused detector charnels at 

k various stations, others indicate fmlty Sensitrols. Figure 8.13 shows 
all the control-unit racks in the control room. The two racks in the 

I '. 
;. 

1' 
Mfg by Esterline-Angx Company, Inc., Indianapolis, Indiana. I 
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Figue 8.12 Two coqlete instrmmt rack instaU.ation. 
Top, ckwger power panel. Below, qger control msex&ly, 
recorder and loker control assembly. 

foreground contain spa~o recorders used to obtaia duplicate records >f 
all data. 

The system recorded alA d%%ta in du+cate. 

8,!~.2 Data-Reduction Amarzhus (IX&). Since the ezxnmt of data 
collected by the g&mm-field recording instruments 6f@8 too Ihrge to 
reduce bymanualmans, the &&a-reduction apparatus wa.3 developed to 
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Figure 8.1.5 Front view of the-data-reduction apparatus. 
The control unit is the third panel down in the middle 
rack. 

output of these tubes tL_ive individual crrtt-rode followers, using 10 sub- 
miniature dual triodes (CK ~IU). The outputs of the cathode followers 
are electrically equalized. 

The patch panel is a 200cable standard telephone switchboard strip. 
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reduce theraVdatamecha.nicaUy~ 
is show& in Fim 8.14. 

A smlified block diagrm of the INA 
The raw da% on the input tapes are converted 

into electrical ixpulses by the photoelectric system in the taw reader 
The desired station is selected by choosing the a_ppropriate group of 
traces in the 2%chmnel patch @nel. The two to four signal~chosenare 
amplified and shaped in the control unit, where r&e-ocetle selection, with 
orehout preacalirg, is Bade and the deciml mltiplier codzd pips are 
produced. The do8e unit automatically integraM3 Qnd weight3 raw input 
data, yielding both linear and lo@%riQmic dose data for curve plotting, 

4 , 
r 

DOSE UNIT LINEAR 
- PLOTTER - 

RATE UNIT 

LINEAR / 

Figure 8.14 Simplified block diagram of the data-reductiou 
apparatus. 

The rate unit computes the normalized reciprocal of tti beween puses, 
prduciw both MIBXU- canal log+dtbnic dose rate dab for curve plottm. 
The log time base generates a resistance signal for the time axis of an 
X-Y plotter, which is linear with the logarithm of time over 3 decades 
that cover 1 hr of computing time. The lhr of computing time equals 
1Oohr ofactualtimeo 
move at 1 ft/hr. 

The charts in the recorder are 100 ft long and 
The XXI-to-1 speed-up was the maximum practical limit 

of this ratio. Figure 8.15 shows a front view of the DRA. 
The tape reader and patch panel are shoxn in Figure 8.16. The drive 

mechanism is a modified Esterline-Angus recorder having a high-speed 
electric drive. The chart passes through tlz photoelectric readout where 
transmission optics are used to read 20 traces simultaneously, thereby 
avoiding mechanical design complications. The traces are ill&inked by 
20 tiny surgical lamps set behind a cylindrical focusing lens and slit. 
Type 1P 42 phototubes are us+. as the photoelectric transducer. The 
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The two to four traces whfch constitute the record at a station are chosen 
in the patch panel. These signals are amplified and shaped in the control 
unit. The amplifiers discrininate against noise. One of the signals is 
selected in the eight-level, eight-position bidirectional stepping switch. 
This signal performs two basic functions: (1) drives dose accumulator 
in the dose unit and (2) drives electronic circuitry in the rate unit. 
!I% amplifiers and shapers are plug-in units labeled A on the upper 
portion of the chassis; the bidirectional stepping switch is at the left 
of center. To avoid errors from loss of a portion of an increment in 
sw.;.tching from one trace to another, all SGfitChiag OCCUTS E%t the SCtUd 

instaut of reading the higher pulse of the two traces between which the 
unit is shifting. Positioning of the bidirectional stepping switch is 
done in a semiautomatic controller with mutually exclusive upscale an6 
downscale circuitry. 

No scale smoothing is used to the dose unit, i.e., the 1O-decad.e 
storage bank is driven directly by the channel chosen by the bidirectional 
stepping switch. Decade-scale smoothing is used for the rate unit. A 
minixm of 1 set is required to print a new point on the curve arid reset 
the coqruter circuitry. The pulses occur on the trace at a pinimum of 
10 set of real time, which equals 0.1 set computer time because of the 
100404 stepup. Consequently, at pulse spacings of less thau 100 secI 
a computation for dose rate is made on every tenth point. The bidirectional 
stepping switch directs the raw input into a chaunel containing an elec- 
tronic decade device for scale smoothing. . 

The control. unit also contains decimal side pen-marker pulse geuera- 
tom for both dose and dose rate. Each circuit contains a stepping relay, 
which operates at a low speed set by an RC delay circuit that may be 
changed with curve plotter t&e base rate in order to maintain pip spacing 
at a convenient value. The stepper returns to its home position at each 
scale chauge, then steps at 811 appropriate rate until Its position.mtches 

L' that of the bidirectionerl stepping switch. Bach of the latter steps 
- generates a side-pen pip in the appropriate circuit. 

The dose computer is the second panel from the b&tom of the middle 
rack in Figure 8.15. As each pip on a raw data chart represents one 
increment of electrical charge through an ionization cha&er and, hence, 
one increment of radiation dose, the total dose at any timz is smly the 
weighted running total of pips on the various traces, totalizing from 
only one trace at 8 tis. This t~telizing is accomplished in the dose 
unit by a lo-decade adding-machine-type accumlator or register having 
inpats at the first, third, fifth> and seventh decade with internal 
carryover. Khen totalizing from the A trace, the ihput is fed to the 
first decade B trace to the third, C trace to the fifth, and D trace 
to the seventh. To provide three si@;lificant figure readout, a +decade 
follower relay bank looks through an interconnecting relay matrix and 
matches the three highest decades in the totalizer which contain data. 

The follower relays switch a precision resistor xmtrix in such a 
manner that the resistance between the roving contact and one end of the 

I. matrix is proportional to the number of increments indicated by the 
r;L; folJ.owerrelaybank. The curve plotter is au electronic recorder1 

connected to the precision resistor matrix as 8 resistance follcmer. Full 

1 
Mfg by Minneapolis-Honeywell, Brown Division, Minneapolis, Minn. 
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scale on the l.O-in.-wide chart‘is 4x XP,where nranges froiulto 9 at23 
the unit is the sxmllest increment of dose, 0.1 mr. The curve plotter 
cover6 1 decade of dose. The scale.audcharts are calibrated Oto 40, 
&Only the central 80 percent of the scale is used. The interconnecting 
relaymatrixadvaucesthe follower relays one stepwheathe indicated 
dose is greater than 36.0. The cuxve plotter goes to a 9oint equal to 
3.61 (shift always occurs at the umct incrmnt above 36.0) ana the side 
pen marker associated with the dose cume designates a new decimal mlti- 
plier. Because the integrateddose is always incrc%sing, no downscale 
switching is required for the doss curve plotter. 

!Che rate unit is the second panel from the top of the middle rack 
of Figure 8.15. !Che rateunitcom@xsthe dose ratebymeasuringthe 
tims between dose increments. !Fhus, 

Average dose rate over the time interval s lciute fnte_ Doseaccutmlated~ 

!l%e dose accumulated equals the weighted value of the dose increment 
and is known from the position of the bidirectional steppihg switch. 
Conseqwntly, the dose rate is inversely proportional to time beixeen 
increments. The system is designed to haudle a range of 1 to 12 set 
colaputor tine, corresponding to a range of 100 to I.200 set of actual 
time. The decade scaling on the controluuit permits camputation on 
actual time-pulse intervals ranging from 10 to 1200 sec. When decade 
scaling is used, the dose rate computed is the average dose rate for 
10 dose increments. 

Although the im erse t*%e cozzImtaticn is sn ualog problem, it is 
perfomed by digital techniques. Consider a switch to be closed during 
a tine intervslthat is tobenteasured. During this interval, constant- 
frequency pulses are fed through the switch iuto a btxmry counter chain. 
At the end of the interval, there rests in the counter chain a binary 
m&m that is proportional to the elapsed time. Mow if each binary digit 
switches a conductsme which is proportional to the weight of the digit 
into a constant-current shunt circuit, then the voltage appearing across 
the combined shunt network will be proportional to the inverse of the 
n-umber of counts in the binsxy chain. Thus, 

Vout = - K where V is the output voltage, At is the time 
At, interval aud K is a constant. 

The tape-reader drive is a synchronous motor. !Fo prevent errors 
from power-lihe frequency changes, the constant-f?rcquency pulses were 
&rived from the power line. The basic frequency is tripled, and the 
binary chain counts l@rO-cps pulses. At the endofthetiming interval, 
the 180 cps input is removed, snd a bask of thyratrons are converted to 
thebinaryplstes. If a count %A in the binary, the thyratron is fired. 
The relays in the plate circuits of the thyratrons then switch in appro- 
priate precision resistors. The curve plotter is connected to the output 
of the rate unit as a recording potentiometer. 

The log-dose-rate compu4-&ion io perfowed in a ms.nnar t3~imils.r tc 
the linear-dose-rate computation. The log-resistor network consists of a 
310section ladder attenuator shaped to the function, log K . 

af 



Thus, the log curve is &pprortited by a series of straight lines 
that are correct at 31 points ar,d less than 1 percent in error at other 
points. The log network furnishes tii3 IBantissa for the log curve. The 
characteristic, which is simply a fixed ordinate shift for each decade 
change, is obtained from a simple L-pad attenuator connected to the 
bidirectional otepping switch in the control unit. 

. 

The time unit provides the necessary time signals for control of 
the other parts of the computer. This unit is the top panel of the 
middle rack in Figure 8.15. !l!he curve plotters cannot be energized at 
all times. !Fhe rate unit %s reset to zero after every computation; if 
left energized, the curve plotters would also return to zeroI If a pulse 
were fed into the dose unit while the plotter is still energized, the 
curve plotter would make violent excursions, due to the transient. 
Consequently, the pen motors for the curve plotters are norWily blocked. 
,After a computation is finished, the time unit introduces a 1-see dead 
time into the rateunit. This is acconrplished by counting 180 pulse5 
of a 180~cps pulse train. At the close of the coarputation interval 8nd 
the beginn- of the l-see dead time, the rate unit readout is energized, 
and the recorder pen motors are unblocked. Since the recorder Dens 
require 0.5 set for full-scale deflection, 0.7 set 5u-e allowed for the 
motors to operate. At the end of 0.7 set (1.26 pulses) the recorder pen 
motors are blocked, and the thyratron readout is reset. At 0.5, zec 
(162 pulses), the binary chain is reset. At 1.0 set (180 pulse. 1 FL sew 
consputation period is started. 

The log time base unit provided a 3-decade logarithmic tti& tz-:s 8 for 
a curve plotter, A stepwise approximation to a log time base was ~4. 
!The times involved were 0.001 to 0.01 hr for the first decade, 0.01 to 
0.1 hr for the second> &nd 0.1 to 1.0 hr for the third, actual com@ter 
times. The first decade corresponded to O.cOg hr, or 32.4 sec. To tie 

L 
the log time base power line synchronous, 97 steps of 3/set were used. 
This actually corresponds to 32.33 set rather than 32.4 set* The second 
decade moved at 0.3 steps/set and the third at 0.03 steps/set. The _ 
stepping pulses were derived by dividing the power-line frequency by 20, 

8.5 PEFWXWWCE OF TBE mS_ 

The g--field recording instruments operated for approximately 
5 months. During any single operation, at least 70 Dercent of the 
instruments functioned properly. Both the fabrication snd installation 
of the instants were hurried. !Che quality of the worknranship on the 
instruments left much to be desired. Considerable time was taken to 
repair many of the instruments after their initial installation. A 
radiological calikration before and af"ter the tests indicated that some 
detectors remained accurate to within f 2 percent. Many had changed 
c5,librtrtion because of gas leakage from ttte chambers. 

The DRA we3 used for several months. Of the 140 tubes used, many 
$F. 

iu of which were dual tubes, only two failed, both of these during the first 
50 hr. Some difficulty was experienced with poor relay contacts. All 
relays were the high-reliability telephone type. The output relay3 in ..-. 
the precision relay matrice had fractional-volt potentials across the 

‘+ 
-,P,,Y 

_contacts. These low voltages were not sufficient to insure breakdown . 

of the surface films on the contacts. 
: _ r 
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8.6 C~MCLUSIONS 

The tests proved the feasibility of monitoring gamma radiation over 
large areas. The instrments deserTbed above were satisfactory for the 
monitoring task. !Them.gnitude of'amlyzingthe collecteddatawastoo 
great for hmdling nanuaL&J. The DRA was a satisfactory xmeans of 
analyzin$the data. 

a-: 
5.1 . 

-_ . .y’-_.. 
. . . 
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R. C. Barry Hong Lee 

Extensive radiological information aboard the experimental ships 
was obtained during Operation Castle by survey teams using portable 
instruments. Some information about the visual c>sracteristics of the 
fallout was obtained through photographs made with a 16~nrm movie camera. 

Beta, gamma-field, and direction-l-gamma measurements and wipe 
ssmples were taken. Data sheets issued to the survey teams designated 
the type and location of all measurements. Readings were taken in a 
prescribed manner at premarked locations above ati bela; decks. Th's 
procedure minimized the rsdLo1ogics.l exposures of the relatively unzained 
personnel and misinterpretations of the data. S-&vey data were indivi- 
dually checked, corrected, transferred to multiple forms, and were ready 
for distribution within 4 hr. 

Beta and directional-gamma measurements made before and after 
decontamination provided the basis for determining the effectiveness of 
specific deconttination operations. Gamma-field measurements furnished 
information on the reduction of the radiation field. 

Fallout photography was accomplished with a shielded 16-m amAe 

;1 camera, which snapped a photograph every 30 sec. The tsgt S;?CE was 
the focal region of an intense reflected electronic flash light beam. 

The fallout photography showed that there was no gross fallout on 
the YAG 40 during the operating time of the camera for all the shots in 
which the ship participated. A few particles less than 100 p in dismeter 
were photographed in Shots 1 and 5. 

9.1 OBJECTIVE 

The principal objective of the radiological surveys was to obtain 
radiation data throughout the test ships to augment that frcmt the fixed. 
gamma-detection stations. Fallout photography was attempted to determine 
its feasibility for obtaining information on fallout characteristics and 
correlation betireen the time intervals for visual fallout and detection 
of radiation aboard ship. 

The radiological surveys required measurements of the following types: 

k 1. Gamma radiation: (a) field intensities 3 ft above deck (height 
for measurement of whole+ody radiation) in weather-dec!i areas; (b) field 
intenskties at specified locations in the interlor spaces; and (c) radia- 
tion intensities from limited contaminated surface areas within an 
an extended radiation field. 
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2. Eeta radiation: (a) beta intensities on specific weather deck 
surface area3, aud (b) be*& intensities of surfaces in the interior spaces. 

3. Wipe samples. 

Item lc snd 2awere needed to determine the effectiveness of 
decor:ta,Chation method3 upon a specific surface area within a radiation 
field. They were also needed to define localized hot spots. 

Items 2b and 3 provided the oily means of determining the relative 
distribution of contamination within the interior spaces of the ship. 
Item 3 was also used after decontamination operations to determine the 
amount of activity rexmvable by wiping. 

9.2 IrJ 

Wipe samples were counted with a rate mzter or a suitable scaler. 
The number and types of imtruments employed for the other mea3ure~nts 
of the radiological surveys were: 25 AR/PER-TlB radiacs (ion chwnber); 
12 AR/PDR-@A (scintillation); 25 AR/FDR-eC (geiger tube); I.2 HRDL RR142 
beta probes (bucking ion chambers); and 2 RRRL RGG-1 directional-gama. 
probes (shielded geiger tube). 

The first three types are standard radiac instruments and were 
selected for general u3e* Since the AR/PDR-TlR was the only one of the 
three which had the optimum range of sensitivities, required practically 
no maintenance md had a long battery life, it was the only staMard hand 
radiac itxtrument used for survey work. The in3truuent wa3 furnished 
with a unipod (small ahuninum tube 3 ft long) so that all readings were 
taken at the same height above the deck. All TlR's were checked slla 
calibrated on a cobalt range before each shot. 

The RRDL RR142 beta probe is a development model whose prototypes 
were built for past field operations. It; is a small, light-weight 'hand 
instrzaent that mel=~u.res beta radiation from an area 10 by 10 cm when 
placed 1 cm above the mi&ce. Readings are in microamperes (0 to 20) 
with four rmge3 fran, Xl bo XlUOO calibrated from 20 to 20.000 microcuries 
of S#O-Yw. fnr;truments were calibrated before each day's monitoring 
operations. 

The NRDLRGC~I Directional-gamma probe is a developmental instrument 
and resulted From a Iii&ted effort to supplement the beta probe. The 
RGG-1 wes developed from readily available material as a semiportable 
instrment. Weight cad size were held within limits, so that it could be 
hoi&d aboard ship mnually and used to take measurements on easily 
accessible weather deck areas. 

The instmnnt consisted of a lead-shielded geiger tube mounted at 
a height of 3 ft on a tubular steel stand, which*slso supported the 
electrometer case and calibration button. Whendirecteddownward, only 
gszmna rays from a circular area 3 ft in diemeter are detected, except 
for about 1 percent leakage through the lead shield for the range of 
energies encountered. 

Readings were t&en directly in arbitrary units, which were lather 
converted to milliroentgen per hour. The useful range of measuremrtnts 
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was approximately from 10 ~/hr to 10 r/hr i four ranges. 
The instruments were calibrated on a CO &I range and were checked 

and adjusted to a portable gamma standard every few minutes during 
operation. 

A more-detailed description of the instruments, details of their 
calibration and maintenantie, and an operational evaluation---together 
with recomplendation3 ---may be found in Appendix G. 

9.2.1 Eauipment for Fallout Photography. A F,?ll and Howell, 
klodel 200 Autoload l&mm movie camera, equipped wit?,~,r a z-in. lens focused 
at 4 ft, and a fg.6 relative aperture was used. It was modified to 
operate on single f’ram wheo tripped by an electric-motor-driven cam. 
The shutter mechanism was synchronized for zero-delay flash. A right-angle 
prism directed the light rays into the lead shield holding the camera. 
A special microfile emulsion film (Eastman Kodak Special Order 918) was 
used. This film could be exposed to about loo0 I gsmma radiation with- 
out serious fogging (see Appendix G). 

The optical sampling station was situated on the starboard side of 
the deck house over No. 3 hold on the YAG 40. The camera was located in 
a 4-i& lead shield inside the deck house, together with electrical timing 
equipment. The lighting unit was located on a pedestal about 2 ft above 
the deck and 3 ft from the deck-house bulkhead. A time clock inside tire 
deck house energized and de-energized the electrical system when the 
station started and stopped operation. 

The exterior lighting system was mounted on a metal fre and.con- 
sisted of 811 electronic flash unit (Heiland Strobonar III), housed in a 
wcoden box, and an eliptical nirror. Thelightfromthe flash lamp was 
collected by the mirror and focused about midway between the lsmp aail 
mirror. The lamp was flashed once for each individual picture. An open 
black box served as a nonreflecting background. The volume within which 
particles were lighted and photographed was 6 in. wide, 4 in. high, and 
10 in. deep; however, the depth of field of the lens was only 3 in. A 
schematic diagram of the entire system is shown in Figure 9.1. 

9.3 OPERATIONS 

Besides the two NRDL men assigned to the radiological survey phase 
of Project 6.4, 90 Navy enlisted men were used. Six of these 90 were 
permanently assigned and acted as group leaders. A training schedule 
for these group leaders was maintained throughout the operation. With 
few exceptions, all the Navy enlisted men were inexperienced in the task 
to which they were assigned. Consequently they had to be instructed to 
read and ope:-.&e the survey instruments and also had to be indoctrinated 
in the radiological safety precautions. The transient survey personnel 
were usually available for training 3 day before each operation. Obviously 
the training was brief and all instructions had to be clear and concise 
in order that the required survey could be made satisfactorily within the 
dosage limitations set for the men. 

All surveys were made by teems consisting of either one instrument 
man and one recorder or two instrument men and one recorder. Separate 

, 
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110-v AC circuit 
Pre-set on-off timer switch 
16 -mm camera 
Motor and speed reducer unit (2 rpm) 
Lead shield camera housing 
90° prism 
Plate glass port hole 
Bulkhead 
Electronic flash trip wire 
Electronic flash unit 
Electronic flash housing 
Target volume 
Reflector 
Target background 

Figure 9.1 Fallout photography &&ion. 

/ 

teams were assigned to do beta, gamma, directional-gamma, and wipe 
sampling aboard 8hi.p. Each recorder was issued data cards on which had 
been inserted the station locations that his team was to survey. + 
All survey points were marked on decks and bulkheads as follows: 185 
The mark indicated the location, the number identified it, and the arrow 

\ 
/‘ 
,. 

/.' 

shawed how the instruent was to be oriented with respect to the monitor. 
In most cases the arrow pointed forward, and the monitor's body shielded 
the instrument from behind. Dosage limitations prevented multidirectional 
re&ingsbeingtaken. 

Locations of the 855 to 955 smey points aboard the ships are shown 
in Figures G.8 through G.10, Appendix G. 

/ * 9.3.1 Radiological Surveys. A total of 13,276 readings were recorded .’ 

P 
in the shipboqd radiological surveys. All surveys were checked, corrected 
for instrument variations, and logged into mfitiple form data books. They 

,! 
4 2 I’ j& 

r 
were then made available to all problem leaders requiring them. When the 
need was urgent, the data were available in final. form within 4 hr---in 
any event within 24 hr. 
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The following items indicate the extent of the radiological surveys 
ti Project 6.4. 

1. Complete initial radiological surveys were made on the YAS 39 
and YAG k0 upon their arrival in the lagoon after Shots 1, 2, 4, and 5. 
Each initial 

YAG 

YAG 

YAG 

YAG 

YAG 

survey included the following: 

bet;a surveys 

39, 355 exterior readings and 64 interior readings 

gsxns surveys 

39, 243 exterior readings aud 104 interior readings 

directional gamma surveys 

39, 40 readings 

wipe samples 

39, 69 r-dings 

40, same as WC 39 except for 100 additional interior 
betareadings 

, 

I ,' 

I 

. . 
,' 
/ 

,’ 
.’ 'i 
/ 
., 

_' 

2. Decontamination surveys were conducted before, during, and I 

after each separate stage of all the decontfmination operations. 1 
3. Final su.meys were conducted at the completion of all decont;uai- 

nation operations. These included all the exterior station measurements '_ 
i 

L taken in the initial survey. 
4. Survey support was given the aircraft decontamination project ._ 

durtig all their operations that were conducted on Site Fred. 
5. Survey support was given the ship decontamination project for 

their concrete studies conducted on Site Fred. 
:;; 

6. ~astrument support was given Project 6.5. _' 

s3.2 Fallout Photography. The photomphy station which was 
controlled by pre-set timing switches was operated.as follows: 

Shot 1 HtoH&4 
Shot 2 HtoHC 4 
Shot 4 H t 1 5/6 to H + 5 5/6 
Shot 5 H + l/3 to H 4 l/3 

Pictures were taken every 30 set during these periods. About 450 to 500 b / 
individual frames were exposed per shot. a 

k Recovery was accomplished 3 to 7 days after shot day, &pending on . .- 
availability of the ship and personnel dosage. 

All films were processed in E-76 developer to a gamm (contrast) of 
1.0. The processed films were examined first with a 15X binocular * , 
'microscope and then with a 150X microscope. The lower power unit was 
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used to find the gros s indications of particles in the hundreds of frames 
examined; the higher magnification was used for detailed study of ix&vi-. 
dusl frames. Particle sizes were estimated by comparison with photographs 
of 8 wire size. 

9.4 REWETS ARD DISZUSSION 

Much of the radiological survey dat& was obtained to meet specific 
needs of problem leaders who have presented it ir their particular 
chapters of this report. W data discussed ia this section pertair‘ 
primarily to the operational phases of the survey. 

9.4.1 Summary of Instrument Evaluatioc A detailed operational 
evsluation of the instruments is given in Appendix G, A brief summary 
of this evaluation follows: 

AN/PDR-TlB: Excellent instruments; perfectly suited for gamma 
measurements. 

AN/PDR-18A: Not used, range of aensftivities were not suitable for 
present work. 

AN/PDR-27C: Poor operating life in climatic conditions existing at 
the proving ground. 

RRDL RBI-12: 
Operational life of batteries, very good 
Range of detection, excellent 
Time constant, slow on Xl scale, very good on others 
Zero set, satisfactory 
Switches, some were faulty 
Calibration drift, about 6 percent per month 
Linearity, excellent 
Gamma sensitivity, negligible 
Durability of construction, poor 

NRDL RGG-1: In general, the directional gsmma probe was not satis- 
factory. Its weight and bulk made it difficult to transport about aboard 
ship. Its operation was slow, requiring three readings in order to 
record a single measurement. The instrument was dependent upon voltage 
and had to be recalibrated for each measurement. Constant handling of 
the cobalt standard ultimately led to the contemination of the source 
holder (end of plug) which rendered subsequent measurements uncertain. 
The instrument was nonlinear, and correction curves were required to 
determine actual radiation levels. 

9.4.2 Comparison of Decontamination Factors Derived from Beta and 
Gamma Measurements. Gamma field intensities measured 3 ft above the 
deck were used as the measure of the principal radiatiox hasard to 
personnel in the tactical situation. Reduction of intensity so measured 
can be considered a measure of the effectiveness of a decontamination 
effort. 

In these tests, limitations of time, dosage, and manpower precluded 
decoctaninstion of all shipboard surfaces and equipment. Also0 it was 

_ not always possible to decontaminate all designated surfaces in one day. 
Since it was desired to compare the effectiveness of various decontamina- 
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tion procedures to determine those giving opt- performance, various 
decontamination procedureo vere applied to separate specific test areas. 
The gamma measurements 3 ft above the deck gave an adequate picture of 
the radiological situation but included background radiation from GurfaceG 
not within the Gcope of the d.eCOntaminatiOn teGtG. !I!0 obtain data for 
'test purposes, it waG necessary to make measurements of radiation inten- 
sities from limited conbmimted Earface areas within f&n extended 
radiation field. The directional gan%U% probe and the beta probe were 
used for this purpose. 

The use of the beta probe aGGWE!G that a COnGtant beta-to-gasEBZ& 
ratio exists throughout the time period of intereat* Probable Gources 
of error in this aGGumption are: different decay curveG for beta and 
gamma, selective removal of isotopes during decontaminatiaj and absorp- 
tion (particularly on porous ourfaces)---which would attenuate the beta 
intensity at the surface to a greater extent thin the gamma WtenGlty 
from the contamination absorbed. While the ma&t&e of these possible 

l!EixS 9.1 3Ec O!mMmATIoBFmRsm~TIOsoPBETA~~~~On 

a 22.4 22.4 
l8t Decon 2iYl Decon 3rd Decon 

1.12 1.66 1.8 

D-v 3 20 20 

‘/3 9.5 9.5 

;&I 1.14 1.36 x?l 

r 2.35 2.11 l.l.2 0.98 1.P 1.14 

(a) Heasurement symbols; 3, surface beta 

m3 ' directional ,3 ftsbove eurface 
y3, total garmna, 3 it above mvrsce 
yes mrf'ace m (TIE) 
r, ratio of B decontminatiaa factor to the 
comeeponriing gamma deconta&natloo factor 
in the table. 

(b) Case 1, 28 deck statlone over length of ship, before a& after 6 daye 
of decontamination. 

(c)Case 2,24 concrete elsbc, decontaminationashore inlwbackground. 

errors is unknown, experience ham indicated that beta measurements are 
useful where a directional gamma measurement is needed. 

The material in Table g.lwaG extracted from the extensive survey 
data. It presents decontamination factor8 and the ratio of beta-to-gGzm&a 
decontamination factors for two extremes of background conditions. The 
decontamination factors are the Reading before divided by the reading 
after decontGmination. 

In Case 1, since there were extensive radiation GourceG from 
undecontamimted surfaces and equipment, correspondiw discrepancies 
appear in the decont%mination faCtOrG calculated from total m-field 

p: (radiation from all sources) and surface (directional-m plnd beta) 

Ai measurements. There is relatively good agreement between the Wo types 
of surface meaGurementGb 

Only limited data tiozn the directiomxl-gsmss probe can be presented, 
due to operational difficulties; however, a further comparison (Case 2) 
con be made between decontamination factors calclllated from beta and * 
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Rtpa;m.iaRtion of other data showed that tb6 ratio of b%ta-to-total- 
g ~tclyve deck) deco&aulnatio~ f&eta%! varied froa 3. to 2 m lndl 

U&e; the test cozdltfoa31 where itwa.3 rxxemary to detem&3e decon- 

,' 
. . . 
" 

t0aimtlOn effectivenem for specific saMaces, it 1s icalc&ed that beta 
mrf+acefae-ntim theamtreliable, Bettercorrclatfonbetween 
beta~~dcc~~~tlo~factorrw~p~~hnrpc resuLt&dlf 

amsuremnts at tick level were taken. 
Xne-the dataforCzme1, I 

maasuremnte varied by 3. factor of n fr 
the tot&a field &!z&lm r&f0 was 0 
tlon pmceeses, the con+%ml.natlon was redl*ti&ted, m WeU R8 
~d~f~~s~yW~~a~t(gp~/~;PkitioOi15. Thearraatterea 
OfEmLsure~tofthebetapro~and~ ll%r@3lmrlatlonar inmxrface 
~~s~yPndicsLe~t8~~~~rofre~arsGould~~to 
obviate l~callzed influences. 

9.4.3 conation DistsfbPtlcxl. ShIpbOard beta lntenslty co&ours 
derived from surface cpeaaurae nts are am in FIgtare 9.2, 9.4, 9.6, g.8* 
and 9.10; w-ln+msltycontourrs derlvedfrosxnetas-nts -nJ ft 
abave the deck are shm in Figures 9.3, 9.5 

SW l.Ocatlom. DuetO&3xm&zy&L 
beta diqrer?e a-e the beat indication avaKL&Pe of surface con~tlm 
distribution, while the w diqqas show the M field variatiosx 
atalmight of 3 it above the deck. 

The quallt&ttlve an6LyEm of the radl&tlon coaOur dliagma3 Is best 
xnx%erWncndtiecmed indlvlduallyforeachshot, 

mOt2,xAG48 
1. Beta CO&our curve8 before and after decon-~Ltmiaatlon indiabted 

that: (a)Ths: %ntenselyradlo&ti.ve re@om3 lnthe ori&aicumewem3 
IY33dll.y zwaved duapm the deco&aalmttion OperatlOue xd did not reappear 
inqformlnthe subseq@entdl~;and(b) Aside ~taeothe&bsenceof 
the forner hot qots, the relative trend of the count0urs aLthOu@ si@l- 
flcaKLyredumd,was ow slightlychaqed. 

2. Gamm contOur before and after decontmlnatloxr were very mch 
aU.kelnehapewlthred~edv&Luea lnthe lattir. 

3. !Che general cbamcte~lstic8 of the beta aad contOurs befOre 
&xonIxmination were alika, but the extra&y radloactlve areas as dserl&- 
n&edbythebetacOnt~urs didnot~~corre~o~~~hlh5h~rparees. 

4. Good correhntion was fOund b&men the m and betth curves 
after decm~tSQZ1. 

m above Aafoxaation indlcateo th&t th? Ori@.ml bet&z dSa$ra&a ~88, 
in error An the i&eQsely radioactive re@ans. These regions 8hOu.U have 
been confin& to Rx&i spots Of intense activity witbin a r+_atiVely less- 
m&a&W&?&, SeniuZIifO~~~~ TO i.mprove the beta picture appreczaalt3y, 
the m&erofbetare&~sWouJ.dbe gre!4tlj' lucrNsed. 

Skmt4, lAGhO 
1. Both t,,eta and gamma diwem shared rsl.&lvely uniform contmi- 



I I I 

1. !Phere were soze indic&ion!~ of agreement between the beta aad 
the gmms contour diagrams on the flight deck and on the top of the house. 

2. gome high beta spots on the beta U-were not recor&d in 
' + the gxuma &agrm and 801.~ high gz?aaa arem were not found to coincide 

with the beta dime 
3. Deficiencies in the location and ~irectlonallty of spray nozzles 

were indicate& * 

Fat 5' Y&G 40 Gt3od.corre~tionw~ fotulabetweenthe betaala 
except*for tb.e boat aeck end the top of the house. 

&WV-= 

ColIestively, it was foun.3 that the distribution of contam%nation 
depended upon the aero&ynmzLc cohdltions at the tiTse of con+mtion. 
On the YAG40ltwas notedthprtarerp11 sbjtelded fYomthewindrecefve& the 
least contmination. Ir: large open arem, the cactivlty increased from 
thewindwardto the leeward side. Contminatlon was notlcettbly high to 
wind& a& on the wirz%mrd s1d.e of structures. 

The residual contmihation distribution on the YAG 39 also depended 
on wasbdoun-nozzle locations, the cozxposlte a.ez~c effecte, water 

; runoff, and surface &x%&.-y. 

9.4.4 FaUout Photogaphs. No gross fallout existed on the YAG 4C 
durirmg the rumi% time of the csxere for all shots im which the ship 
p8rticipatea. Smll sprrrsely spaced particles were photographetz inter- 
mittently in Shots 1 and 5. The particle sizes varied s.n3 were probably 
less thsn 100 p in diameter and appeered to be +A liquid form, es shcom 

F in Figures 9.l2 through 9.15. 
Because the 16-m conera has a srmll film size, the sampling volume 

had to be small to obtain a useable resolution (l/l2 actual size). This 
limit upon the sampling volume made it difficult, with the single flash 

l per frame tectilque, to gets goodpicture of the sparse falloutpheeome- 
non experienced by the YAG 4% 

Poor resolution of the extrmely small particles also mde it 
difficult to detemine the physical chmacteristics of the fallout. The 
films did show that the fallout 8s experienced by the YAG 40 w&s not 8 

gross situation, as had been anticipated. Ihe aerosol density (particles 
per unit volume) was very low. 

It was &possible to correlate the photographed and detected radia- 
tioa-fallorrt time Interval because of the small number of particles 
photographea. 

9.5 CmCLUgIQNG 

The survey group satisfactorily -lied radiological surveys for .__ ._ 
. studies of washdown, contmination distribution, shielding, ventilation, 

boiler air, srrdi decontamination. 
The radiation contours showed that the contamination distribution 

aboard aUp wss dependlent upon the em-oQmam.ic charaoteristfcs 03 the 
l structure. 

Ofthethree gsmmradiRc instrments usedinthe surveys, the 
AN/PDR-TX3 was the best for field operations. 
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F&we 9.12 ,Fallout pboto&raph enlarged (7.3X) fma a 
aerosol ctiziex-8 frame from Shot 5. 
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FQure 9.13 Fhotozicrogrzqah ($33 X) oi ciretxIm urea of 
FQure 9LL2, showing double image cbamcteristlc of a 
clear liquid droplet. 
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g.6 REcordlmmlTors 

Radiological surveys should be conducted under 8 survey group to 
render servfiiea for the entire proJect. 

!Che number of beta measuresnents should be greatly increased to 
a proper beta-contmimtion distrjtbution contour diagram. 

Figure 9.14 Fallout pfrotogpaph enlarged (7.3 X) from fsn 
aerofsol caner8 fraefrozn Shot 5. 
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Provision for ade~3d.e ra4Iiological safety cover- for all 
Project 6.4 operations CB~ evaluation of exi:;ting x-ad-safe procedures, 
techniques, and instrumentation for their suitability under tactical 
decon~rLeat;fon cazditiom are discussed. Information to aid in the 
development of new and improved radiological safety techniques and 
Instruments is aleo pretiented. Recommendations are made concerning 
equipment and procedures to improve radiological safety support for 
future field operations. 

Xt was determined that it Ltz feasible to estimate the average radia- 
tion level aboard a contaminated ghip on the basis of dose-rate measure- 
ments taken from another nearby vessel. Support was given to the varlou8 
decontemination operations to assure the safety and protection of personnel 
from undue exposure to radiological haa&&. Protective clothing was 
provided and control points established to minimize the spread of codxmi- 
nation, A personnel decontamination center was provided to ensure adequate 
decontimination of personnel, Special fi3Madge studies were n&e to 
evdluate badge holders and interpretive procedures for field operation 
usn$$. In addition, beta-exposure data were collected in an attempt to 
determine the significergce of ouch exposure. Also, an attempt was tie 
to collect dosage inform&Lon associated with specific decontamination 
and recovery operations. Instrumentation for dose-rate and contamination 

. 
nir measurements were provided. Some measurements vex-e made on general con- 

ttanination and rediation levels detected in various parts of the test area. 

In past field operations involving nuclear weapons, radiological 
safety was considered primarily as a service organization. Although 
providing adequate support to the test program ie Indeed a basic and 
important mission of any rad-stie organization, an effort should be made 
to evaluate and improve the service. Project 6.4, Operation Castle pre- 
sented an opportunity for such an evaluation on a limited scale. !Fhe 
scope of the Project 6,4 program was broad enough to provide sufficient 
opportunity for dive?Wfied applicat30 of various x-ad-safe principlea 
and to furnish 3092 e mluatfve lnfon. ;tion. , 

LO.2 OBJE@TXNE 

h 
:" 

The objective .:’ the Fad-safe phase of Project 6.4 was two-fold: 
(1) to provitie adequate 
6.4 operations, thereby 

radialogie~~ safety coverage far ~4.1 Pro&et 
m.inAmizfrat; the personnel hazard associated with 
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the various tests, and (2) to evalu.&.e existing radiological safety 
procedures, techniques, aud instrmmtation for their suitability under 
tactical decon-tion condi~icns a& to obtain iafomaticn toward 
development of new and improved radfoloe;ical s&&y teckmiq~es and 
instmats. 

10.3 WORK OF THE PROJECT 6.4 SKMAFE GEXXJP 

Since the radlological safety coverage for the entire scientific 
program at Operation Castle was provided by !CV-‘7 personnel, it was 
posaibLe for the ProJect 6.4 r&-safe group to spend its tine on the 
above objectives, rather tk beta imolved in the broader scope of 
the r&-s&e problems gemrated by the coxplexe scientific program. 

!Po acoqlish the first objective, the group provided the necessary 
radiological safety control during the recovery operations of the test 
ships, during decontmination operations aboard then, and durinze; those 
carried wit on site Frea. The second objective was fU.fi.Ued by the 
rese+rch efforts of the gxup directed principally toward photodminetry, 
airborne activity, and ma.luatioxa of the r&d-safe &Wxuments. 

Details of both. the radiological safety coverage provided by the 
group and its research efforts are discussed in the subsequ'ent seven 
sections. 

10.3.X Recovery ()Deratiom ol' the Test Ships. !ke nature of 
ProJect 6.4 I;z;tirct it ~r;ecessary to conduct monitoris surveys during the 
recovery of the YAC 40 after each contaminating event. A mmitor-u pan 
was made by the recovery ATF to determine th% extent of the radiation 
hazed, and additioml xmmarments were made aboard the ATF+ duriril, the 
actual recovery operation. Table 10.1 s uiizmrizes the radiation fields 

shot ui?x. mdist1oa Level. Cnlcula~e4v.Top~ibo Al&O - coatur.l- 
obeerved Aboard 1 

“$ 
iiadlation Level Aboard 

Durine Recovery (I hr) 
Mtim ali, mop- zp- 

YAO 40 at Reccvery(r/hr) cry Area (&cc) 

1 O.Cdb 0.040 2 x 10-T 

2 1.0 a 3.6 x 10-10 

b 0.15 4 1.0 x lo-6 

5 0.90 22 2 x 10-7 

(a) Ysaaured aboard AW-106. 

observed aboard the ATE' and lists the calculated radiation flux aboard 
tbe liAc 40 at the tin2 of recovery. Details of the techniques involved 
in estixAtimg the m&i&ion flux &oa.rd the Y&G &I are given in Appendix H. 

!i%e tcr~ pickup lizes ezzd mile passengers were found to be hi&ly 
COZXiXESL~tid* 

at the 13urface~ 
The radie+tfon levels on tbeae lines averaged 10 to 20 r/hr 

fitim@ mmy arbitrary factors enter i&o the estimtion of the 
radietiou flux abozwd the Y!G kQ at the time of recovery, it is Mxxesting 
to note -LULL or&r 09 -uqg~it;rde agreement was achieved when the average 
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topaide r8!diation inteneity 
decay azd c-d-with tk 
twocorrespo&ngvalues. 

m3isamd at 8 later tint3 was corrected for 
estbimted dose rate. Table IO,2 liete theae 

3 
.m 8 6 

4 4 1 

5 a 17 

Table 10.3 mumarizes the various dosaggers receiv&. by persaPrne1 
during We recoveryoperatio~. 

YAG 39 persormelretmdto Site R'1Jnerr aBoard theI%G 39eter 
each of -the ebotrs listed in !L'able 10.3. Tk crew on the XAG 4-0 

returadto Ever &mardtk Yk& 39 a-r Shots 2 and &and aImaxd 
;;i the ATF 106 after Shots 1 and 5. me average topside radiatiorl level 

of the I%G rc0 vas 25 nr/hr prior to p&r$icipation in Shot 4 and 
75 m/h~ prior to Skot 5. !i!Ms residual radi+ion field vas respon- 
sible for part of the dosage received by YAG h0 persomcl for these 
two events, as ram in !Wble 19.3. 

10.3.2 AbQ=d the !&at SbipS. %%? radiO~OgiC& Stiety ~ZVD#JXW& 

was camsmed with protecti= measures on be&If of personnel working 
or Uving ab& the two test ahip in the presence of radioactive 
cont;srpFcQtiont. lImfamch as aILL of the radioactive con~tion was 
initially ccz.&ined to the weather surfaces, the problem c,. x=ad-Srrpe 
protection resolved ltsel? into contaaination aud dosage control 
topside &ad &QSa@ control bekaw decks. 

To effect do&z controa, a &XLy, emglete zmm tnsrvcy was 
%a& of aXI. kxrc&% on board the tm ships and dQsages were estimated 
on the basis of these sumey~~ Thz eme selected check points were 
erronitored eachday. AU matim s*sFvc?gp8 were made at waist height, 

p. where it fe cmsidered the hems: domge Is recciwxi. All. routine 
Ak a~~-n~w~pe for gwmamly, ixassuchssthe taskforeedosage 

1iaLts were for gz2saa o&y. Boutti surve~o 9m-e uceful in predicting 
dosage to pe~sQ~1 and in setting f3ta.y U.m38 for work parties. LX, 
mdiation levela were plotted on an overlay drawing of the deck ylans 
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following rsd-safe protective clothing was worn: underwear, socks, shoes,, 
coveraU.s, caps, cotton gloves, and canvas shoe covers or rubber overshoes, 
For wet decor&&nation work involving: water spray.. plastic suits and 
face shields affording corcplete body protectia? against liquids were worn 
as needed. In certain vet decontamination work where the men vere not 
subjected to water spray, rubber boots and rubber gloves in conjunction 
with coveralls provided an adequate barrier to contamination. 

After decontzmination of the weather surfaces removed the loose 
contamination, it was found that the use of the ml-safe shoes vithout 
outer coverings in the contamfuated zone was feasible, aud shoe contami- 
nation rexaimd below the established Units. In general, the protective 

i 

/. 
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clothing requirements varied with the degree of removable contamination 
present. 

The control-zone ~yatm~was used to minfmize spread of radioactive 
contemination. The contminated, Or controlled, zones were dehineated 
withmpe or other barriers and check stations uere set up at the entreme 
and exit points of such zones. At thefie points, all pe~sonzel moving 
from the cootrolled zomz to the uncontrolled or uncon*Wninated zone were 
monitored, arnd contaminated clothing was revved to prevent spread Of 
contsminatfon. 

AU decontmination operatiQm3 cozduckd aboard the YAG 40 were 
controlled frown the YAG 39, which was moved aloneside and used as a 
boarding ship. A COnts5IiIEitiQn control zone was roped off 9n the YAG 39, 
and a contamination check Station was set up at the boundary of the Zcme. 
All novenent of personnel and equipneat from the YAG 40 was through the 
YAG 39 control zone. Extra supplies of protective clothin& were a;ecint.aiued 
at the YAG 39 check station. Where possible, the contaminated clothing 
worn by personnel %ere replaced with clean ClQthing prior to the return 
af persome to the Elmer R&-Safe Building for final persOme deco+ 
taminELtion. This system effectively minimized personnel skia contmina- 
tion end the spread of contamination to Clean zones, 

A change system for shoe covers was initiated to minimize tracking 
of contmLnation Bela decks of the YAG bo and of the YAG 39 when the 
cozWmination ststus of the YAG 39 warranted such p~mmtions. Rowever, 
s~mbw-level remvable contmination was introduced to the belov deck 
areas, due to the initieil effects of the fallout and by tracw from 
above decks. 

NQ n;a,jor decontminatioh of the YAG 39 was neceswu-y, except after 
Shot 5. In this case, the ATF lG6 was used as the boarding ship and 
rad-safe QperatiQaS ami control 8imilz.r to that described above for the 
YAG4Gwas carriedar?. 

. . . 



:‘. 
k 
-,’ 

x.:’ 
4 

,’ 

,+ 
;> 

\- 

‘\ 

,/’ 

/ 

:- 

,I* 
‘.‘ / 

:.i: 
: 

,’ 

” /‘ i 

.-! 

./’ 
I.. 

, 

.!’ 

” 

-\ 
., 

/ 

: L 

.- 

:; 

.\. 
!‘. 

2’ 

c 

I 

I 

;’ 
,: =p.. 

AL 

. , f‘ ..- . t . _I_l-..-.-U- ._,. - .__- ..--l -I .-. __ . 

R&d-a&e &doctrirE&tion arid advice VW3 giverI to appropriate 
Project 6.4 persoxmel~ *including those obtained froa other hips to 
carry out the VesiouB decontiatim OpCm&iW* rIepeIld@ on the 
radiologicerl con.ditiom aad type oQ work to be done, wrist badges MLdl 
pocket doeimt.ers were ismed in addition to the standard body fiti badges. 

Protective clothing and 2-z&-safe imtmntitiorn were mpplied to 
the XAG 39 and YAG 40 for the return trip to t'ne Zone of the Interior. 
For the trip aILI. crew meaberbt wore badges, which were changed at Pearl 
Earbor. F&-tie regulations were documented and crapplied to each ship 
for the pro+aetfon and guidnace of the crew, EMing and smking rules 
mad cozMm.natis control ~~asure# were established. A ship-monftorlng 
schedule w&a establi&ed, by which those crew me&era who had been 
tralmd Fn radiologicti nrrrf'ety work in the field operation were employed, 
tocoadletctthemnitoring r;urvqn5. A schedule for mnftoring of persome 
for posaib%e COntemniinrttioA ~88 frietitUt&d. 

Uri.ne e@bstrem coUectedfrontallYAGcrewmen upo~m-ixuptO 
tb Zone of the Interiore Ho evidence,of any si&fiemt in@%stion of 
rM.loactive mteriaJs w&m Pzdicerted by the analysis of these saplea: 

YAG mx&toriag survey results for the trip 'to the Zone of the 
Wterior are seized in Table 10.8. 
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RadFatica exxomres of persamel on the return trip wer@ predLcted 
on the btb~tia of 31% &mve mad-a, 5mmxLsq one-third of tha time WW, 
spmt by &.xipo8 peroormeL in the above&x& areae Time predictions, 
along with the actwik doeagew ma dete~d by film badges are presented 
I?2 Tab&e 10.9. 

!L%.e restia of predIcted dosage to the observed Is 2.n the neighborhood 
of 3 or 4. 

!rhe f3y&&mOf 
coaixd with aEiiIy 

* 

. 

i 
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L tive clothiKg an&I dmices. 
. Aircm, pmzl~, ~3 smxglea involved ia the ogeratiom vme ofl- 

loaimd froa the ahj1gs ~srd brought to the ieLmd by mter trm.?SportGion. 
Tke aircraft 8x23 p*zneX decontmination studies were ce.rr&d out 8-t the 
USAF Aircmft Pecontmizmtion Facility at tke eoutkern ex& of the isl%zd~ 
Tke relaoval. of ?&G Interior maples frarrs their collector xs&a a& psck- 
agiw then for shipmntwzu done in a ssmll, open-sib shelter in tke 
center of the island. 

A r&-s&e ceater wan established ia a tent lmem the p-1 md air- 
craft deconWnation are% At tkis center, protective equipx?&entwas 
iumed &IX% pereomelw?%-e mnitored. The rad-safe center on SiQ El.~?r 
served as the home at&ion M min supply center for ~~3.1 rad-safe 
operertiozus. !Fhe center also served as the personnel deCOntRmimtiopl 
station for aU. personnel, except in those cases where on-the-spot 
peraoznsk deconbminatbon ~tbo~es were required. In suck ct~8e8, tke 
IR3.F Ch5m.p House near the &..rcrL&t decazxbminat&on center tdzadl used. 

!R?.e decon~tmaimtion me8 tf86 situated in 8ueh a way V&at prmmi~ing 
winds carried stem and tirborne pmtW&xt-e miterlab gmxcated in tb? 

areas and ant0 the 
decontamination opera- 
L%goonthrou&&n 
wF&8 sWG?%rlylocRtea 
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so that prevailing winds carried psrticulstea onto the lsgooh. Solid 
rsdio.octive wsates were diapoaed'of by land buriab in isoI.eted mess. 

X&x.ge.control was sccoctpliahed by daily mni,toring surveys of 
slrcrsft md pam9.a in the deco~~tsmimtion operations (Table 10.10) end 

by checking radiation levels in work party zones. Problem lesders of 
both decontsminstion and ample packaging operatioha were kept sdvised 
of rsdiation exposure levels md of recomsnded dossge conservation 
sWMure8. Self-reading pocket doshters were issued to selected members 
of work p-ties, snd the resdings obtained therein were used ss corollary 
infomstion in eatimting dosage. 

The film bsdge wss the official reassure of dosage received. The 
badge ,zcords of sll perr~omel involved wert studied each dsy by the 
rad-safe repreeentatim3 to determine daily dossge r&es and to note which 
personnel were approach~ their dosage limit. Project lesders were 
advised of all dosages uhicih indicated undue individual exposures snd 
corrective procedures recommended. Table 1O.l.l shows avemge dsily 
exposures topersonuf!ls; Indicated by film-bsdge records. 

Contsmlnation control was effected by roping off working ares&s, 
monitoring footwear ofpersonnellesvingthe contsz&xstedsreasndchsnging 
footwear where necessary to prevent conteA.nstion spresd to clean mess. 
Periodic wipe sample8 were taken of the exposed s-faces of panels, plames, 
and on m~~@es to determine levels of removable conts&nstion present. 
Airssmpleswere takeaduriugdecontminstionsndsenqple pscksgingopers- 
tions snd respiratory protection was worn when indicsted by smpling 
results. Tsble 10.10 sumnsrizes sir and wipe stmpling results. 

A stuck of protective equipmnt wss maintained in the decontsmins- 
tion area chsrge station. Contaminated clothing wss returned to the 
change house on Site Elmer snd clean clothing wss drswn, sshecesssry, 
tnBzwlntd.nthe stock. Protective clothing was worn ss required for the 
particular o-per&ion. For dry paneland aircraft operations and ssmple 
pscksging operations, coversUs, shoes, csnvaa shoe covering, cotton 
gloves, snd caps were generally found to be adequate. As actual decon- 
tsminstion of psnel snd aircr&'t surfscea wss performed by wet che&csl. 
and physicsl methods, _nrotective clothing for these operations included 
foul-weather gesr, plsatic coverLl.ls, rubber boots, and plsatic face 
shields. 

Instrumentation for the Site Fred operstions consisted of contzmi- 
nation detectors, dose rste meters, pocket dosimeters, film badges, pvrd 
air ssznplers. AU. instrument&ion wss supplied from the Rad-Ssfe Center 
on Site Elm2r. 

It is recoxrended that in future operstions of this nsture, emphasis 
be given to sdvsuce plsnning for each day's operation. Infomation is 
required frozn the proJeet leader sbout esch day's operation so that the 
necesssry protective equipment, dosimeters, and instrumentation can be 
made avsilab1e for the operstion. 

Secondly, it is recommended thst project leaders be msde cognizant 
of the necessity of personnel under their direction following r&-safe 
rules s&procedures. 

Also, it is recommended that project leaders be impressed with the 
necessity of staying within their basic plan of operation. Major changes 
should be discussed with the red-+x&e repreaentstive sud a plan of action 
sgreed upon. 
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10.3.4 Photodosimetry Operations. !Lhe purpose of the photodosi- 
s&g pr~gra~~wr~: (1) etiuation of a film badge holder for field use; 
(2) evsluation of various interpretative procedures for film densities- 
dosage relationships; and (3) the correlation of dosage received with 
the type of work perfomed. A major objective of the program was 
gathering sufficient data concerning fie.rd dosimstry to adequateljr 
evaluate badge holders, filzP, issue systems, and interpretstive proce- 
dures for future laboratory and field dosimetry operations. 

Aportionoftheprogrsa~attemptedtoevaluate absdge andsn 
interpretative procedure that would give accurate results of exposures 
to the various types and energies of radiations without recourse to 
administrative procedures to obtain additional data on personuelmove- 
mer;ts. A systa of processing badges was sought that would lend'itself 
to the handling of the largest numbers of badges with the smllest 
mmber of dosirsetry personnel. 

The standard of comparison for the experimental film bsdge was the 
Tu-7 badge which was used for OfficMdosages reported for the entire 

_., scientific progmn. The !iV-7 badge utilized the DuPont film packet 
Eo. 559, containing two film; the No. 502 emulsion, with a range fra;n 
40 1pf to 10 r; and the ho. 606 emulsion, with a rsnge from 10 r to 400 r. 
The shield used on the filol was a clip of 4-130 lead; the film was sealed 
in a polyethylene bag against humidity and contamination. 

The filn-badge holder used by Project 6.4 x1p8 developed at UEL and 
consistedoftwo telescopingframesmade of0.02-in.brass. Thebadgeis 
equip,ped with au open window and a 0.02-in. csdmium insert. The film 
used was the DuPont packet Ho. 552, with the No. 502 emulsion as in the 
TU-7 badge, aud the Ho. 510 emulsion, with a range of 1 to 40 r. Each 
packet was sesled in polyethylene. 

The processing procedures for the Project 6.4 and the !L'u-'~ badges 
were identical. Insofar as possible, both badges were issued, worn, 
processed, and interpreted at the sase tims aud under the sam conditions. 

The dosage detennineabythe ?!U-7bm3gegwas for gsma only. !Lhe 
Project 6.4 badge was evaluated for beta and gamma dosages. !ihe method 
of film interpretation for &eplola dosage used was that outlined by Storm 

fp . (Reference 2l). 
J&& P,stimates of beta dosages were made from the Project 6.4 bsdge by 

differeace in net density between c&z&m-shielded and open-window 

-. . -_._rl ,,. *,.. _.._.. I._ ,..-.-.- - 
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portions Emd fromabeta-cals.bmtion curve Bade fromfilmexposed to 
natural uraxlium. 

All dosage corntrolwab don 5 on the basis of the exposure data from 
the !KJ-7 badges. These badges were processed and the dosages integrated 
into an operational total for each individual OA e 6ail.y basis. From 

these totals, all decisicns on the explopmat of personnel were mde ix 
aecordmce with the safety regulations fomilated by the task force. T&. 
basic doss@ allowance for the operation was 3.9 r* Certsin personnel in 
special categories were granted additional dosage allowmces upon subi 
mission of 'uraiver requests. 

Approximately 700 persoxmel were mmitored by the.Project 6.4 bad&. 
In the dosimetry prcqra, 5,250 badges were used, of which about 's,5'&.. 
were used for persome monitoring. Of these 4,500 bdgerr, ta reprqsen- 
tative sqle of 1,125 W-7 and Project 6.4 mtched b&ge results have 
been dram from a &atistical treatmmt aad 8 coqarison made beWeen 
the readings obtained frm the two badges, !Fhe TV-7 badge data were 
used as basis of comparison with which to evaluate the Project 6.4 
badge. A eompariraon of gamma dosages vas made; it has been eurmsrized in 
Table 10.32 by indicating the percentages of the various ratios of 

1ntcmal or R8tio Percent or mtal 
of Project 6.4 Ftcsultr 
DntslTu-'l Data 

2.0 
11.6 

%06 
1g:o 
17.2 

iT :: 
1.3 

A- . 

Project 6.4 badge reading to TU-7 badge readings. 
The approximate gama energy was d&m-mined frown the difference 

in density under the brass and cadmium. Ram the gmm energies, correc- 
tion factors.were evolved to correct for the energy dependence of film 
to gamma in the extreme energy ranges. 

These correction factors have been revised (Reference 22), particu- 
l&rly as they apply to the very-low and the very-high energieej. A statis- 
tical study was made to determine the effect of the revised sets of correc- 
tion factors upon the RBSS of data as determined during Operation Castle. 
Itwas foundthat,while afewresultswere changedquite considerably, 
the nass of data was not altered to any degree of statinticti &.gnifics.nce. 

The exact significance of the data in !&&JJz 10.32 ie not knom. The 
table indicates that 19 percent of the time the dosages agreed within 
20 percent of each other and that beyonrd this limit the Project 6*4 badge 
showed dosages 
higher dosages 

!me fact 

lower than the !FU-7 tige 6.2 percent of thk tirme m _ 
34.0 percent of the time. 
that the two fia+adgedeterwi9tiori6 ofger8;onneleqmure 
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were greater than 20 percent apart 81 percent of the time would' indicate 
that more work is re~ircd on tt3i6 problew, !iWmse of the large range 
in readings, a comparison with the use of ratio6 could be !cisieading. 
Thus, the do6age readings were plotted om 6gainat th6 other to show the 
relatiou of the values obtained with the two types of badge. If the two 
b6dges yield equivalent relative ml.ue6 of dosage, the above point6 
should be slcme, 6C&Z definable pattera. Since this wa6 not observed, the 
conclueion that addition&l 6tudy of the entire problept is Z?X@.red, was 
6Y?po3"'=d~ 

A study ~6.6 also made of the do6ages &tepmfned by the film badge 
ln comparison with expectid do 6 estimted frola levels and exposure 

tiE&S. A total of 338 pair6 of badge readings cbpd estirmted do66gea 
were u6ed in the Study. con~~ison i6 x6&e by observtig the ratio of 
the expected reading6 to the badge reading. Table 10.13 lo 0 fs~um~w 
of comparison6 betmeen expected and observed dOSageS taken from YAG 
decontmnination6 operatlon6. 

T’able lo.13 show6 that dosage estimtes were off by More thsn a 
factor two 47 percent of the time. It i6 realized that there are mauy 
variable6 in connection with do6w detemination. However, if thefilm 
badge is to Serve a6 a true indicator of personnel expo6ure, it would 62em 
i6&ortmt to establioh a closer corfelation between the dosage6 estimated 

0.2 
0.2 to 0.4 
0;4 to 0.6 
0.5 %o 0.8 
0.8 to 1.2 
1.2 to 1.4 

:*"6 : i*B" 
1:8 to 2:0 
2to3 

2:: 
5 fmd over 

- 

l- maervaticno 

Ruaber 

338 - 

from mnitoring 6um?y6 aud stay tjme aud the do66.ges mcasured on film 
badges. It is ilcteresting to note that Table IO.12 OhCJWS that the varie- 
tion by more than a fector two occurred 31 percent of the time. True 
do66g.e determination becoze6 quite imyortmt when administrative proce- 
durea establish that ah operational dosege limit ia 3,900 mr and averag@ 
daily expoarres during certain phase6 of a field operation tight be from 

F ~QOto1,ooOJnr. 
L Approximately 5,m dosage mea.aurcm?kits have been reco,rded for 

637 personnel. Of these, I_9 have received dosag% In excess of 7.8 r, 
71 have received dosages between 7.8 aad 3.9 F, and 547 ‘have received 
dosages le66 than 3.9 I* The dosages, percC!ntZge-Wise, are: 



Lj 

Tp: 
3k 

O-1 
-2 

9-3 
3-4 
4-5 
5-6 
6-7 
over7 

Personnel Exposed ($1 

41*4 
24.0 
14.9 

i:; 

1:7 
461 

Only one person received au exceseive amunt of rsdiation. One 
crew mkberconnitsgtiboardW 39afterShot5 ins&ertentlyspontan 
excessive mount of tim topside near several local hot spots. His 
dosage was determined to be about 20 r. Appropriate recczmendations 
limiting future radiation exposure for this individual have been made. 

A aiimary of total individutrl beta exposure is given in !Fable 10.14. 

A sumaqy of individual wrist b&ge data and corresponding body 
dosages is given in !Fable 10.15. 

The distribution of beta-to-gsma ratios as determined by film 
badges is shown in Table 10.16. 

Film monitoring surveys were conducted through the months of April 
and May on Site E-r. Welve outdoor locations distributed over the 
islahd and nLne locations 0z1 and around the'rad-safe bultiing were 
mnitored continuously, in six increlaents. The results have been mm- 
marized in Tables 10.17 and 10.18. 

!Che foregoing data and the general experience gained during 
Operation Castle indicated that the multiple-shield film-badge holder 
is adewte to sz!et the mass-production requirements of a field operation. 
The data collected indicates no obvious superiority over the single-shield 
badge in the area of ganma dosimztry. Unfortuuately, there is no way to 
determine which badge gave the best estimate of the actual dosage received. 
The mqg~itude of possible beta exposure, as shovn in Tables 10.14 thrCEd&I 
10.16, irjicate -LIZ desirability of recording beta dosages of pcrsonnol. 

Soze large discrepaucies were noted in the comparison of the 6.4 
and TU-7 badge results. These discrepancies xay be explained in mat 
part by the difference in fiJn. badge interpretation. The 6.4 bsdge 
interpretation atteqted to evaluate an energy correction system 
currently under development. Field results indicated that additional 
work on this system wa6 necessary. Some discrepamieo may also be 
attributed to variations iu weuing the two badges and to the response 
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‘1.350 
0.410 
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0.730 
;.4z 

&XXI 
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O.&?o 
0.480 
1.450 
0.225 
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1.140 
0.870 
0.730 
0.320 
2o.om 
1.040 
1.570 
4.ooO 

%E 
0:175 

2.400 
1.450 
3.050 
17.000 
1.700 
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1:400 
25.W 
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0.15 
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0.79 
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0.140 
0.725 
0.160 
o&J3 
2.706 
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0.250 
0.900 
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0.480 
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0:870 
1.220 
0.530 
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i:g 

0:480 
l-570 
0.320 
:*3$ 

6:200 
1.450 
0.870 
0.14t 
0.148 
1.850 
0.680 
0.350 
0.539 
0.730 

Z-E 
23k00 
0.420 
0.480 
1.350 
16.200 
1.220 
O.lh8 
0.410 
0.528 
2.400 
;*7E 

;:07C& 
. 

1.570 
17.000 
17.000 
0.530 

%t . 
1.230 
%.CXXl 

0.616 
Oil15 

oo:z$ 
0.4&? I 
8:Z 
0.q 

8’% . 
0*220 
0.095 

:::: 
oi265 
0.102 
0.467 
0.064 
0.255 

%z 
oh43 
0.410 
o,np 
0.265 
0.260 
0.260 
0.308 
0.210 
0.120 
0.175 
0 174 
o.u5 
0.250 
0.210 

"0':; 
oha 
0.154 
6.209 
0.095 
0.184 
0.095 
0.162 
0.146 

oO:E 
0.078 
2.262 
0.210 
0.146 
0.194 
1.560 
0.169 
0.095 
0.196 
0.195 
0.174 
0.555 
0.195 
0.095 
0.336 

es . 
2.706 
0.142 
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0.858 
0.250 
0.770 
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1.040 
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0.620 
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0:350 
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7.wo 
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2.040 
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0.148 
1.220 
0.620 
0.350 
0.570 
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0.410 
24.000 
0.400 
0.480 
1.220 
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0.175 
o.ll5 
0.148 
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2.600 
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1.570 
0.115 

:*z 
4:m 
17.ocxl 
0.480 
0.530 
2.&o 

3::z 

1.134 
O.J_02 
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0.140 
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0.105 

t% 
o&34 
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0,141 
0.174 
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ES6 
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0.193 
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0.151 
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0.350 
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1:7ccJ 
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2.332 I 2doO 
0.07- 0.750 
0.960 12.m 

0.175 
O.og5 
0.166 
0.110 
O.lLO 
1.125 

;*g 
3:306 
1.200 
0.2Ql 
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1.850 
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2.040 
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0.221 

8% 
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0.W 

0.530 
0.570 

8*% 
o:r(N 
10.m 
25.000 
Lu70 
9.500 
Q.04kJ 
0.530 
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3?z 
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1.570 
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of the fiti b&d&? t0 8 d%ed radi&iOn field. 

Froal the stadposnt of elBse o? fmze, collection, aad proceaang, 
the clip-on shield, prenunGxriq-prepm~ feat-urea of the W-7 b&g 
proved to beet meet the req&-emen$s of 8 fieM bar&e. 

T& use of the probit psyste& and of correction factors i& ev&u- 
8tIw &Z.EEk dQEb8@ EkS,y have iZlC~fMi%dt~ E#SWyOf &tel-Fre+AtiOR 

somwbwk, but the additional tim reguired to fntroduce t&me factma 

la not :uGtified ila 8 field &situation. 
For future openMono, it is reswndedthata filmpacketbe 

utilized with tk following featurm: (1) txo filn packets with high 
a&low-rage films; (2)p~nuPliberedpacketsp~sesiledintssttcrp~oof 
coverings; (3) tz er1ngJ.e clip-on m ehield cd 8 single clip-on betrp 

i 

shield tie of plastic material; and (4) a aMal eyelet so that the 
bad& cat be worn on a chain hung around the neck. 

ztis rcc~ndedt~tinterp~~tionp~~~e~ deei~to' 
obtain filmdata quickly after use of the fflmonmny i&ividuala aa3 
to prodtice these dater wit3 ps re3.ativel.y small nun&m of do&stry 
pereoanel. Interpretation ohoald be compatible with basic accuracy of the 
film; no stteqt erhould be m&e to attain the precision cqected for 
scientific resemch, .A record sy8tem can be setup that will enable 8 
mal1 mmber of dosisetry personnel to maintain dosw corttrol records 
for leqe mmberr.3 of peraoziael. 

To simplify dosage-control procedures during fiela Oper&tiO~~ it 

1 
The probit system (Referaxe 23) In 8 ii&&I for plotting fiti alibra- 

tioz ems* In this method dealties are plotted vertnm log exposurea, 
obi&..~ii~g etrraight-line reI.ntionsh5pn. aYHna.ri~, c%.emitie~ am9 plottm3 
versus exposures, XY?miLti.&Ig i3@ curve which iS i.mt~CUrSrte 8t it8 exk%a,itie&~. 
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is recomended that more co&Amity be given to records of personnel 
exposure. For exrmple, if a control record systen could be established 
for documenting the rsdiatlon exposure of ZBU personnel particlpatiag 
In field operations, it should be poaiible to use an Increased tfnc scale 

h-6-54 
h-10 
4-17 

to .h-10.5i 
to L-17 
tn c-21r 

4-24 to 5-i 

::; 
to 5-E 
to 5-15 

u1 
47 
26 

z 
25 

. 

- 

c- . . 

for establishing.the upper limit for field-operation radiation exposure. 
Instead of usa the current 13 weeks-3.8 r value, it ie recommended 
that the annu& 15 r figure be used. The system would work as follows: 
A card would be made out for each indlviduti indicating the amunt of 
radiation exposure received during the past calender year. An eDtry 
would be made, indicatirq the amount of dosage expected to be used at the 
person's ho= station during the current year. The difference between 

TNW IQ0.U -A wmYQRm,w6aBg~ 

-. 
Btes Covered Aveq Cama 

b=dw) 
Averm.y Pw.a 

hddsy~ 
e!r lktio 
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h-; to h-8-54 
4-8 to 4-14 45: 

2.4 
1.8 

h-14 to 4-24 4-24 to 5-l iii :: S:', 
5-l to 5-8 76 
5-u to S-19 g 80 
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the totaloft&setvovalues and30rwouldbe thexaaximumsznount 
dosage availabh for use during the current field operation. For 
exmple, an individual received 8 r during the preceeding calendar 
and expected to receive 5 r at hia c home station for the balance of 
current year. Th~~fore, 30 - (8 + 5) : 17 r would be the maxizsum 
allowable expcmxre of t3at individti. This doa not UESII that an 

of 

year 
the 

cxpo- 

that 
sure of 17 r is enccuraged or even recosznended. Radiation exposure 
should be kept to a xainimum at all times. Xowever, this does mean 
if that individual received 17 r be would be icx~diately removed frr 
the possibility of receiving any additional radiation exposure. 

Such a systz~ ssakes dosage control an automatic systeza snd elimi- 
natea the need for waivers. It is hLso a more realistic approach, since 
it requires a zore cmplete dosage record be ~~~intainezd than is currently 
established. In addition, this system prevents my individual froze 
knowin@y receiving zore than 30 r during any two calendar year periods, 
which is the current x-ecomendation of the ABC, the International 
Committee on Radiation Protection, BuMed and Surgery, and others. 

10.3.5 Supart Facilities. The Change Kouse facilitiesthatwere 
available ot Site Gizer were used jointly by ProJect 6.4 and the W-7 
Rad-SafeUnit. S&ordinate facilities wereemployed on the field and 
consistid of dress-out and check stations on board ships and on Site 
Fred. The E-r center was equipped with showers, head, dressing and 
contaminated-cloth~-removal-rooms, clothing-storage-and-issue rooms, 
a counting room, an instrument-storage-and-repair room, photo-dosimetry- 
processing spaces, snd office spaces, 

The protecti\% equiprent -ished by Project 6.4 was added to the 
existing TU-7 stocks, and an issue system from the ccxabbd stocks was 
established. A chit issue and control systen was set up wherein fnforma- 
tion was noted &Gl.y 8s to quantities issued of clothing and film badges. 
Table 10.19 is a suzsz@y of the quantities issud each day of the operation. 
This table is a fair index of the levels of work activity during the 
operation. 

; / 
, 

7 

The items issued were determined by the problem leaders on the 
basis of the radiolc&~~3. conditions, the type of work to be carried out, 
and reco=ndatiions from R&&Safe personnel. Problem leaders as& 
the responsibility for items issued to the various teems. A daily shelf 
inventory was initiated wherein shortages in supply could be anticipated. 
When feasible, clo+ihing issue was made the day prior to an operation by 
Change House personnelusin~ a list of names rurd sizes to asse;nble com- 
plete sets of protective clothing. This systemfacilitatedtheprocessing 
of personnel through the Change House. 

Existing facilities (such as the shower, clothing-change spaces, 
,clothing-storage-ard-issue room, and the clothing-collection-and-laundering 
system) that had been set up by TU-7 were used whezver possible. A tent 
was set up as a station for mnitoring and contaminated-cloth rercoVal. 

A system was established whereby all personnel returning fr= 
operational work received a person-and-clothing monitoring survey at 
the entrance to the Chauge Tent. Following this suruey, all clothing 
was removed and placed in separate containers for each item of apparel. 
An attempt was made to keep noncontaminated iteszs separate for reuse 
without laundering. The guide-lines usedwere azeterreadingof 
10 nr/hr, o;?en-win&v, for clothing snd 10 m.r/hr, closed-window, for 
shoes. 
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Fwm the clotPling-remval tent, all personnel paesea through the 
EhOWt?F. Complete hotly-mnitoring twx=veyEs wer 8 then made of all persomel 
audepecfalmeasureswe~e t.%k?ntoremove a..renmi.nfngsktico?ltameixla- 
tion. Pemimlble level for skin contmimtion was a meter reading of 
lmr/hr, open-WiMow. Umally showering or f~washings%th soap rerxmed 
alL detecttzb3e ekin contmination. Certiin stubborncasesrequlred 
special treatmnt such as: (1) corn-msl l!%bx?%3lre sn addition to 
powdmed detergent; (2) citric acid; (3) trisoditlm phosphate; a& (4) 
~ealse-rewti crem. 

All doaimtere were collected at the clothing-r&mnmJ. tent for 
proccosing. 

The major portion of persoxmel and cloth- cmWtiorr occurred 
after Shots 2 and 5. lhudng decontmination amI recovery cyerutioxu3, 
the clothing of a13 my as 60 percent 0 i 
chip's crew becam contaminated, 

the ProQect 6.4 ~raxmel and 

4oto5oolm/hr. 
Clothiw coa~tmimtion vcrried from 

In sow ius~es, glove an& bootie con&&nation m 
as hi& as 30 r/hr. Appmxima4*Ly 25 cmes in whfch personnelh& 
~excesoive b&y contmin%tion were noted. AX. c,wes wexe auzce~ls~ 
decon~t&: m 8eri.ou.s canhhkfon ac~fd_f3.d3 occurred ch-hg the 

Project 6.4 operation. 
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Decon-ti of clothing was carried out Exr. a S~k lA?4wdq 
opemtedbyci~%U~2coc~tor peraoizx2l~rt~ g=6Ubnce&tb;z~ 
Force F&Ml&e orgmizathm. Clothing for lauMer%ug was 5egregated 
accordixqtothed@g?Fee of em-tim. IWmg~tomm/hr 
were sentfor i.mmdiati .lmf&er*. IteW con-ted to hi@er leYel.5 
werehe inan&solatedstorage areafordm~toth~ zQm-mMlbefo~ 
laundering. 

Operatioa of the C@ BtEtioa hsmx%?np~s& as a jointeEort 
of the Project 6.4 and 21~7 RUX-SCS~ cwgmizatiot. WI&~ 'tk exceptican 
of nkfd.ntewe of l#sxa.er* services ad x-ezmal of certau clothing 
stocks, the bulk of: the taskww handle& by the m$ect 6.4 orgauizatiorn. 
With the limited nw-&ers of pereoxuw31 8zx~igaed, it wao not possible to 
operate the atationattherequixwlpeakofeffic~y. Inpwticular, 
duringrushperio& of clothingiaf5ue for pereonndtsz@xw~opIm 
cper&ion ad processing returning personn& the operation8 were slcrwed 
88 a result of the abortage of tX2ange 2Buae personnel. 

Shortagf33 developed in the sqply of certain protective clothing 
items. Themostserious shortagw3were incottonglovee, eocks,t&kr- 
wear, an& cert4xi.n shoe sizes. 1tt foun!3thatcottongloves, i.nlkBny 
cases, were nonus&le after one launder-, dttE to excesoive shrinkage. 
Socksaad~rclot~dis~~sredthroua3$p~e~~. Shoe8bemm 
shortinsupplythroughpilferage andfhrmghlargenubersbeiugtied 
up in storage for deesy of contaminatiozi. 

In spite of the above diPli1tities, the overall mission of the 
tJhageEmew accoz!q~liaW. AUpersonnelengagiq inoperational 
work were provMe& adequate protective equipmmt, and the mmitoring 
sad &econtmimtion of z-e- persanm2lproved 6atlsfactory in 
preventing injury to personnel an& controlling the spread of contamimtion. 

It i6 rscOzz+zded that in future operations pre-cperatioti pbaudzg 
ccnsider ar more raliotic nuder of personnel to be available for change- 
house operation. Personnel and space comitmnts for chmge-house 

i;r operation from outsi& organizations should be very firm and without 
need for f?arther interpretation in the field. 

The protective equipment requirements for an operation shoul6 be 
estimted with generous allowances for coatingencieo. If clothing is 
to be supplied from outside 8ources, a clear understanding should be 
reached as to the qutuatfties mallable. 

A careful clo*a control system is indicated for perso--1 
returning from work in contaminated areas to minimize losses. A chit 
system for controllirg the return of clothing is too c~u&ier5oze to be 
effective, but a very-rigid flow system for personnel mqy be sueceesN, 

10.3.6 Air SsqUm+ The prime objective of the air-smling 
program wss collecting information about airborm activity encountered 
durtig the decontamination ph.ase of the Project 6.4 operation. the 
following operations were carried out to collect the data for assessing 
the hazards encountered: (1)air s8mplingforshipboardenddeconteM- 
nation operations; (2) fallout air s~~@ing; (3) particle-size deter- 

1 
tion5, and (4) gpazma-W@wd monitorirmg. 

The program on the test sh,i s revealed no air concentrations 
greater than of thz or&r of 10' PC/CC, either above or below decka P 
duing all decontmixxstion operations, except for very .'ioeal coar~tions 
caused by operation of the %?nnmt machim. Consequently, respiratcry 

3ssr 

COtJFkBENTiAL 



. 
\ 

, 
l > 

_-._.. .._.-.._ -a---e*cc !muarm_&_ 
.-.1-1..-----..~ _.__ 

protection wss not required, except for the Tennant machine operations. 
Tables 10.20 through 10.22 giv43 results of air samples taken on the 
YAG 39 and XAG 40 and on Site Fred during normal work and during decon- 
tXmI.lation opmations. 

Concentration samples were taken of fallout activity, both on 
board ship arad on Site ElrrrrJr, !l%e shipboard samples were given an 
immediate check with a beta-ionization chanber and later counted in the 
Elmer counting facility. !fable IO.23 lists fallout activities obtained. 
Ali counting results are corrected for decay. The beta-ionization- 
chamber readings showed fairly good correlation with the results of . 

laboratorycmt~. onlyone fallout 
levels above the allowable limit of 10 -F 

:T amgle indicated actfvity 

short period of time. r 
p/cc, and that only for a 

TAKU10.20 AlRsIumm KiaTA,IM 39omWIcm 

Topside, main deck 
Topside, sa3.n deck 
Topside, naindsck 
Topside,nqindeck 
Top6lde,maindeck 
Topslde, main deck 
Topside, main deck 
TOpSids, 5i5iXl d5Ck 
Stnterom No. 4 
W;i$;~in&ck 
REdI&4 
cr5v'5Querter5 
Crcds Qwirters 
Cr5v~s Quutars 
F.yiw Bride-5 
Topside, No. 3 Cubicie 
Topside, No. 3 Cubicle 
Topside, no.2 Hold 
Topside, No. 2 Hold 
Topside, Aft Lkxk House 
Tcpsidc, Bc+st Dsck 
Topside, WIship are6 
Topside, No. 1 Kinij POS 
plrincBrldge 
Topside, No. 5 Hold 
Tupsldc, Amidships 
Topside, 01 Deck 
Topside,BoatDeck 
Topside, Boat Deck 
Topside, Fantail 
Topside,BoatJMk 
Top6idc, B3at Deck 
Topside, Baat Deck 
Tu&de, Best Deck 

1.4 x 
5.2 x 
1.7 x 
1.7 x 

z-t: 
1:o x 
5.0 x 
1.4 x 
3.5 x 
1.1 x 

z*z : 
$5 ; 

9:7 x 
2.3 x 
3.2 x 
2.3 x 
1.5 x 
1.1 x 
3.4 x 
5.1 x 
i.2 X 
1.4 x 
1.2 x 
6.2 x 
1.7 x 
3.0 x 

78': :: 
1:o x 
1.3 x 
2.5 x 
1.8 x 

10'9 
10-10 
lo-=0 

;I; 

1o:g 

g-9 
10'9 
10-9 
16'l" 
10-g 

;:z 
10-g 
10-g 
10-9 
10-g 
10-g 
10-B 
10-g 
10-g 
10-g 
10:; 

$10 
10-9 
1VZ 

&LO 
10-g 
10-g 

;:I; 
-- 

In comection with particle-size studies, cascade impactors were 
qc-ated during conditions of fallout on board ship and on Site Elmer. 
This dev&ce gave a rough approximtion of the specific activity of the 
various sizes of particle5 in the air stream from 0.5 through 8.9 microns 
by virtue fractionation on five stages. The determination is made by 
measuring t$he beta activity of aerosol. particles 011 the slides. At the+ 
17.5 liter/tin flow rate of the cascade impactor, a several-hour sample 
was required in order to buildup enough fractionated particle5 to obtain 
a significant count md subecquent determination of the mzdL.an particle 
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Locatiar 

Eollcr Noca 
Boiler Noan 
Eoiler w 
Boiler Rocra 
Boller Uom 

FrBe 
k-A&mHoua 
EtFzlz 
uo:3xold 
Ho.3 Bold 

!!%iE!5 
lie: 3 Cubide 
R%ginCRCas 
Tc~ Aft Deck iioue 
EngwRoQI 
&@n6.%x?a 
Topoide, wo. l_' 
Plight B6Ck 
Icp6:&?,QlD6Ck 
TcpeidC, ol Dl?C!L 
TopeidC, olacck 
-6id6, a &Ck 
FlQhtDeck 
Topside, Ol Deck 
T0pSi&,o1 Deck 
Top6ld6, 01 Peek 
1opsid6,01D6ck 
Tapsid?, KG. 4 Xold 
T6Ili?sltnactIiae oprm. 
Top6id6, No. 3 Hold 
Topside,No. 3Hold 
Tuprride, No. 5 Eold 
Topsld6, No. 5 Bold 
@ibpEid6,&6t Di?ck 
Top~idc, Boat Peck 
Tcp6ld6,BcatDeck 
-ride, Boat&ck 
TCp6ide, &6t Deck 

1 x 10-u 
1.0 x lo-10 
7.9x 10-n 
3.5 x 10-u 
;.'6 x" g-7" 

a:0 x lo- -0 

1.2 x 10-7 
4.2 x lo-8 
1.7 x lCY8 
2.6 x I& 
b.5 x lo-8 
9.0 x lo-u 
2.2 x IO-9 
9.0 x 10-u 
3.8 x 10~ 
2.5 a w-10 
2.3 x :a-9 
b.o x LO-~ 

i:,"; $$o 

SIZE?. From a consideration of the air-jet velocity in each s* and by 
the use of assumption that aerosol fission products will be attached to 
I&Cl nuclei (psrticle density, 2.16 g/a) from the ahot, Table 10.24 has 
been prepared showing the relationship of particle size to the jet stage. 

Table 10.25 is a ISUI~IIIZUY of the pwticle-size Information gained 
fromcamade bpactorair st3mgling. 

A background gamma monitoring station ~88 set up in the Change 
House on Site Elmer to gain information concerning fallout g,aum back- 
gromd and its rel&tion to air concentrations of fallout activity. 
Figures 10.1 and 10.2 show the tiw-activity relationship for fallout 
airborne and gmma activity for Shot 2. It is seen that the ai.rbome- 
activity record gives s clesser picture of the incidence tzmddepar- 
ture of the fallout cloud thars the gmm~ record and shotid be of greater 
vulue in detemining the incidence of successive fallout when the gaxx~ 
background situation is higher tblmn nor&L. 

From the airborne-gamma-activity data for fallout contzmin8tion 
a rough, order-of-magitude relationship b&weea airborreactivity aM 
rate of gamma buildup was derived. Table 10.26 ahow tIz airborne 
activities to be expected froze various rates of gamma buildup. 
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Pi- 10.1 (iemB3 bacm record of fallout on site 
Elnnes foUub* shot 2. 

TiME AftER T,, hR1 

Figure 10.2 SpediPlc activity record of faout on Site 
EUer fol_le Si-m% 2. 
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mm- 
Nwla E-b3* m-x 
Aircraft DccontomFoEtlaI 
Alnxmft Deconumllntioa 
Alrcrait Dccontealxmtlon 
t&wet Dacoa-tim 
Aircraft IbcontrPlatfon 
Alrcrrrit Decontadmtlon 
Airc~ Dccontalnntlar 
Alrcnft Decontmin&tlon 
Alnxuft lkc-tiot 
Ala-craft Dccoatminntlon 
Alrcxmft Dtcon-tlon 
Aircraft lkcon-tloa 
Aircraft Dxontmaia’2lcm 
Alrcrdt Decontalnmtlon 
Alrcrae Dccontrpllastlon 
Alrcnft Decon~lnatlca 
Alrcrrft Deeon-tla, 
Alrcralt Wcmtemlnstion 
Aircsaft Dccontamlrntlon 

It is of interest to consider ii mxmxrable smmnts of filereion 
product are excreted in the urine as a function of levels of airborne 
activity. Availab~&ata,~oras~lessubmit~bypers~ifraa~ 
BelEQmt indical that no detectable urine contcminatign resulted fxm 
exposure to airborm concentratioxm of 43x2 order of lO*&cc, The(ss 
sampleswere collected 4to ~Odaysafterc~~ fudrrp;~25 to30 
days after co.llection. Table1027 showsabove-deckgmma-background 
levels nremed on the ReUe Grove (ED?) at the 33~mi circle on 
lr&.rch 1954 a& their relation to the airborne concentrtrtio92s as derived 
from Table 10.26. 

The practical consideration of the allomble l-t8 of airborne 
specific activity should be approached from the allowable integrated dose 
for an operation. !Fhe permissible come&ration for a &&r-week vorking 
Jrear is lo-Q.tc/cc for unknown r&Wm4ztive m&erial,butthe decay factor 
of fission product contminatia allows a working figure at one day of 
of lo-+/cc. l 

Air samples are taken for Athe purpose ofdetexminingthe average 
concentration of airborne activity in a working area. Respiratory 
e@pm?nt is cuzberew an& reduces efficiency of the worker; current 
airborne-activity information 2s necessary to &Aemixie whether nrch 
reopir?3tory mJJ&cf?ilt is x.w~:e.P;S~. 

Gasma baclcgrmnd mm.itct~ing is a ussf’ul way, when cozabfmd with 
anair-smiplingprogrm, ofdetemining the incidence of fallout. An 
order-of-vitude figure for airbozze activitycanbe obtainedby 
neasurirgthe mte ofbuiUup of gam~actfvity fm~fallout 
contamination. 
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ATF 106 
ATT106 
AW 106 
ATF 106 
A'.'Q 106 
AZ'106 
ATT 106 (Interio 
AlF 106 
;T$ ;o$ (merio. 

ATF 106 (Intcrio. 

fT % 

~~:~ 
A& U4 
ATF ll4 
A’IF 114 
ATF 114 
ATF ll4 
Elmer 
Elner 

?zlrer 
Wcr 
Elmr 
Elmer 
Xlmer 
E.lar 
Elmer 
Elntr 
Elmer 
Elmr 
Illnr 
Film? 
El&x 
glYr 
BlPsr 
Elazr 
ElStXS 
Elmer 
Elmer 
Elrur 
Ever 

P: t2 
ATF 106 
ATF 106 

r 

c) 

r.] 

nmtitq RewJlt8 cdrrected 
> DamDlinn The (jbchc) 

5.4 x 10-7 
1.2 x 10-7 
3.2 x lo-g 
3.3 x 10-g 

1 x 10-g 
1 x 10-9 
1 x 10-g 
1.5 x 10-9 
1 x 10-g 

1 x 10-w 

3.2 x 10-8 

2.5 x lo-9 
1.3 x 10'9 
1.3 x 10-g 
1.0 x 10-g 

3.3 x 1o:g 
1.0 x 10 
5.0 x 10-g 
6.0 x 1o-1o 
3.6 x lo-lo 

2.0 x 10'10 
4.4 x 10-s 
3.1 x 10-f 
1.1 x 10-7 

314 

- 

1 

I 

. 

o800 

Ei 
1445 

zi 
1700 
1740 
1935 

z 
0330 
3.300 
1630 
1600 
,630 
1030 

z$?l 

z;o" 
J.l45 

- 
- 
- 
- 
- 

07iO 

LYi 
2230 

%i 
1030 
a30 
1030 
=30 
1430 
1850 
1920 
1* 

% 
1020 
1400 
1440 
1515 
0930 
0700 

i!ii 

$; 

1500 

'152 
1630 
0x5 
0945 

;E 

1930 

CONFIDENTlAk 
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b 

shot 6 

z: 
5:14 
5-14 

Laaetiorr 

AW 206 

ATT106 
AWl.06 
Y, 
* ACI 
.‘I .&sir 

A’JF Id6 
ATF106 
ATF 106 

Elmt.. 
Elmer 
Eher 
Elmtr 
Elder 
Elmer 
Elmr 

8.3 x 10’7 
4.2 Y 10-7 
1.0 x 10-b 
2.1 x 10'7 
;I%; ;'8 -0 

2.3 x 10-9 
2.1 x 10-9 
8.9 x 10-10 

1 x 10'10 

1.3 x 10'10 
2.1 x 10-10 
4.5 x I.@’ 
1.3 x 10-s 
1.7 x 104 
1.0 x 
8.9 x 

10-j 
10 

Tlm 

1915 

s 

%I; 
1310 
w5 
1030 
l&5 

z 
uoo 
2ooo 

It is recozsnended that a sliding scale be adopted for allowable 
airborne concentrations for field operations. It is recommends: that 
respiratory protection be worn only when the concentrations tabulalxd 
in Table 10.28 are exceeded for the e~osure periods included. This, 
table indicates higher airborne maximum permissible concentrations at 
earlier tines after the formation of the fission products. These are 

T.MU lo.24 -OX OR PARRCL~ SIZE MD JET SWEE 
-- 

Jet stage Alr Velocity 
b~r/oec) 

lkdien Fwrticle 
, mme hwone) 

relative to the standard maximum permissible concentration of 
1 x 10_9nc/cc for long-lived (one month or more half-life) fissfon 
products as the ratio of their effective half-lives. 

Air-sampling equipment capable of taking and measuring a sample 
in one operation in the field should be developed and use . Such 
equipment would enable immediate decisions to be msde regarding the need 
for respiratorir equipment- 

It is recommended that the gathering of info,rmation on fallout 
particle size be continued in future field operations and that studies 
be made to relate body retention with particle sizes of airborne 
particulates. 

A continuous gamma monitoring station equipped with a suitable 
alarm system should be a requisite for working and living in areas in 
the vicinity of possible fallout conditions during field tests. 

, 



Date 

shot2 
;-z-54 
- 

;:g 
3-30 

shot4 
4-26 
4-4 

shot 5 

::: 

shot 6 
5-14 

I.2 xl&?? 
25 Iilmar 
60 Elmtr 

E s.z5 

29 

13 
34 

Elmer 1.8 

AW106 1.4 
ATFlO6 2.7 

2 

16 

1.3 
LO 

0.53 

10.3.7 IIKmlmentstion. All rad-safe instmment requireimnts for 
Project 6.4 operations were supplied and mainta$ned by the rad-safe 
group. Three main types of portable monitoring instmments were used in 
the program. For clothing and personnel monitoring a "contamination 
meter," the side wiidow, a4 PDR/5 or XREI, MK-III, Model I, was used; 
for radiation measurements of gamma fields, a "doL?-rate meter," the 
PDR/TlB; for betti-gamma zmsurements, asecond type of docc-rate z&m, 
the IM5/PD or "Cutie Pie" was used. 

A small supply of AN/PDR-18A's were available for me-ring high- 

il, radiation fields but were not used, due to the mediumrange dose rLtes 
encountered in the operation. 

A continuous-recording air mmitor, consisting of a moving filter 
tape movi~;~ past a beta probe, and a continuous-recording gamma mnitor, 
consisting of a shielded halogen-filled GM tube driving a counting rate 
meter and recorder were provided to obtain a record of a fallout 
contamination Parry. 

@? A6-Cco source, the Navy UN-l, was set up complete with .;+ack 
to obtain ddly calibration checks on d.l gama monitoring instmmnts. 

50 1x10-6 

’ i.5 
1.x 10-T 
1 x 10-8 

0.05 1 x lcr9 
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T&o types of air samples are utilized, each for a different pur- 
pose. Concentration smplers utilizing filter pa-r to collect the 
particles from the air stream were used to obtain the total concentra- 
tion of particL;lste matter in the air. Both llO-v AC EUS 24-v dc 
samplers were used. 
in place. 

All ssmq>lers were calibrated with the filter paper 
!Phe nomin3.l flow rates of the J.lO-v AC samplers were 20 eu 

m/hr and that of the 24-v dc sazqlers were 7 cu n&r. Each air e(mx9.m 
was equipped with an ionization chsmber, which gave a continuous In&a- 
tion of the activity of'the sample as It was being collected. Th.e 
Ionization chmtber was capable of detecting 0.1~~ aaPOurmt3 of rzctivity 
deposited on the parper in a background not exceedf 

35 this &vice, sir concentrationsof the order of 10 
300 mr/hr. With 

measured in a 30-min sampling period. 
)ac/cc can be 

!Che other type of air sampler employed w33 the particle-size 
analyzer, which was used to determine the f.xizerP of the airborne parti- 
cul&es. TheCrrrrsela-type cascade impactor,drivenby astmdkdair 
puz~# wa3 used for this purpo3e. As described in the air-sapling 
portion of this report, au spproximtion wm made of the 3pecific 
activity of the various sized frectioas of particles In the air stream 

from 0.5 through 8.9 microns. The v3xiou3-eieed particles were separated 
by rfrtue of fractionation from various-sized gets impinging on glms 
slides. The actual determination ie made by counting the beta aetlvlty 
of aerosol particles on the slides. 

For laboratory analysis of air snd wipe 3imple3, Q g3s-flow 
proportional counter was used, Although background-g3zma radiation from 
local fallout contamination often ran 10,000 c/m, satlafactory PLeasure- 
ments could be made in most c-es of the field samples. !Ehe laboratory 
counters were given daily calibration checks with a Srw-impregnated 
filter and a Tl204-iqregnated filter of the fume physical dimension as 
theux.Wwwnsamples. These 3tnndn.rda were prepared prior to the operation 

71~~10.28 ~~~-~ALuJu~-~-TI~~s 

,.: ’ 
2: 

, 
a 

Deye art&r 
uetabtial 

Conccntmt1m mtaFwr1od 
UC/cc of Air Period of wrponve 

0.1 2.7 x 10-S 
21 1.7 x 10-7 

;:; : g-;: 

:z 
b 1 &Y 

7 I* 
7.9 x 10-e 

lb to 28 1.0 x 10-a :s 
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by measured quantities of stmhrdized solutions of these radioisotopes 
to standard-sized filter papers and fixing in place with a plastic spray, 

._ The instmmentation used on the field operation proved adequate 
for the purpose intended, but certain features could be improved. 

The side-window (as opposed to the end-window GM) was found to be 
the only instrument suitable for clothing and personnel monitoring. 
The calibration of these instruments weie in milliroentgens pel' hour 
which proved to be quite meauingless as far as personnel contmination 
was comerned. Relative scale readings were used to define allowable 
contamination levels. 

The AH/PDR-TlB instrunent proved to be quite satisfactory for the 
gamma-dose-raLte measumments made during the operation. Comparison of 
this instrument with the AN/PDR-18A showed agreement within the limits 
of reading accuracy in a radiation field. The AN/PDR-18A was also quite 

L. satisfactory for general gamma monitoring, although the ltier limit of 
sensitivity was of the or&r of 50 mr/hr. 

The lM5/PD, or Cutie Pie, which was used for beta measurement, was 
‘! found to be somewhat umeliable under the humid conditions encountered 

in the field. The malfunction rate‘was found to be excessive. 
Of the side-window GM instruments, the MK III, Model I proved to 

be more convenient in operation, xuoxe compact, aud had a better probe 
arrangement than the AN/PDR-5. The Wo instruments were about equal 
in reliability, both requiring au excessive aumuut of maintenance due 
to the hmid climate. 

. !Che air saxplers performed satisfactorily under the conditions 
encountered. The ionization chamber feature proved to be useful in 
obtaining on-the-spot data concerniug airborne contaminations. 

k 10.4 CONCLUSIONS AND RECWW!PIONS 

.' 

-Y- 

: F; 
L& 

. I 

It was determined that it should be feasible to estimate the 
average radiation level aboard a conteminated ship on the basis of dose- 
rate measurements taken from another nearby vessel, such as a recovery 
ATF or some similar ship capable of making some type of monitoring pass. 
The procedure outlined +in Appendix H gave a reasonable order-of-magnitude 
determination in three separate trials during Operation Castle. However, 
it will always be necessary for say boarding party to conduct monitoring 
surveys, particularly to locate any "hot spots." 

It is recomended that, in future field operations, -hasis be 
given to indoctrination of personnel in the use and wearing of protective 
clothing, the procedures to be followed in ntovement between contaxinated 
and noncontaminated zones, and the wearing and care of the film badge. 
Protective-clothing requirenznts should be kept to the minimam consistent 
with adequate protection- Emphasis should be given to advance planning 
for each day's operation. The m&safe organization requires such 
notification so that the necessary protective equipment, dosinseters and 
dose-rate instrumentation can be made available. Major changes to 
operational plans should be discussed with a rad-safe representative and 
a plan of action agreed upon, I3 is important that project leaders 
establish the necessity for those personnel under their supervision to 
follou rad-safe rules and procedures. 
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PhotoBoa~try-~te~re~tion procedures &cmld produi=e prompt 
results withs~imnexpcnditure ofmmpo~er. In addition to @Ima 
doeageo, it Is recommended that beta dosages also be macure d with 
special attertion given to exposure to body extremeties mder special 
8itUdiOAf3. For future field operation, it Is recom~nded that a film 
packet be utilized with the following features: (1) two film packet6 
withhigh-endlow-rage film; (2) prenwnberedpcsckcts presealed in 
waterproof coverings; (3) a single clip-on gmma shield tmd a single 
cliP-on be%a shield made of a p&tic material; and (4) a metal eyelet 
aothatthebadge canbewom0uachaiuhung mundthe ueck. 

It ie, recommended that consideration be given to increasUg the 
time scale used for establishiug allowable dosages for field operation. 
By eeteblishing a central record syete~ that would maintain corrtlwity 
of Wiation exposure received by pereouuel during all field operations, 
it is felt that the exposureunitof15 rperyem couldbe uraed. The 
allowable dosage for my individual would be demed bythe aax& of 
radiation expssure received during the past cale&&~ year a& the amxmt 
of exposure expect&during the currentcalendar~. Thedifference 
betweenthetotal of these twovahaes and 30r wouldbethezaxirmm 
mmnt of dosage available for use at the premmt field operation. 

In spite of minor operati0nal difficulties, the overall mission 
of the Personnel Decontamination Center m acconplished. All personnel 
engaging in operational work were provided adequate protective equipment, 
surd the mnitoring and deconWnination of returning personnel proved 
sartisfactory 

2" 
preventing injury to personnel and controlling the spread 

of conta?ninat 
L 
.,n. It is recwnded that in future operatiox~ rare 

consideration given to the number of personnel required for the effec- 
tive operaticm of a changEe house. The protective equipment req;iirements 
for an operation should be estimated with generaurs allowances for contin- 
gencies. A careful clothing-control oy~tem is indicated for personnel 
returning fromwork in contamiasted areas to minimize losses. A chit 
syetem for controlling the return of clothing is too cu&ersome to be 
effective, but a rigid flow rpystem for personnel nay be succeW'ul~ 

It is recownded that a sliding-scale Table 10.28 be adopted for 
allowable airborne concentrations for peraonnelexposure during field 
operations. 

Air-ea@ingequipmentcapable of takingaudmeasuringao@z~~le 
in one operation in the field ah0uld be developed and used. Such equip- 
ment would enable &mediate decisions to be made regarding the need for 
respiratory equipment. It la recomrn9x%d thatthe gathering ofinforaa- 
tion of fallout particle size be continued and that etudies be made to 
relate body retention with particle sizes of airborne particulatee. 

A continuo~ gezna monitoring station equipped with a suitable 
alana syH+m should be a requierite for wortring eurd living area8 in the 
vicinity of possible fallout conditions during field tests. 

The following instrumentation Is recmnded M that which would 
provide the most 8atisfactol-g service for future field operations: 
(1) high range ~WZJR% do&e rate - AX/PDR-TlB, AH/PDX-18A; (2) median 
range ~~EEM doee rate - AD/PDR-TlB; (3) median range beta- dose 
rate - field Cutie Pie type with calibrated beta doee rate meter in&cm- 
tion; (4) conta3iination neter 
o-lOO,OOO c/m in 3 cycles; 

- log-indicating-meter portable CiX with 
and (5) sir sau@ing equimat - (a) llO-v AC 

.-._ 
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motor blower unit equipped with ail ionization and bucking chamber; 
(b) continuous indexing with 4 cycle log meter indicaticn in c/m starting 
at 100 c/m. Median flow rate (10-x) cfen). 

On the basis of past experience and observation of radiological 
safety in field operations, it is recommended that consideration be 
given to establishing the radiological safety function for field opera- 
tions on 3 continuing basis. This would provide a collection center for 
appropriate records (such as radiation exposure of personnel), enable 
protective equipment and instruments to be stock piled, and provide 
continuity to the rad-safs program such that the benefits frog past 
experience and the lesaom iearned from previous mistakes would result 
in a constaut improvement in field radiological safety. Such a unit 
could provide the basis for realistic indoctrination and training of 
civilian and military personnel in the field of radiological defense; 
It would serve as the bar:is for testing and improving various rad-safe 
procedures, such as contaminated-area nmitori&g and deliueation, film- 
badge issue and processing, personnel-decontamination-center operakion 
and procedures, evaluation of dose-rate instrumentation, contamination 
meters, air samplers, and other special rad-safe equipment. The merit 
of such a system seems many-fold and should make a real contribution to 
natiohal security through the train* and indoctrination of civilian 
and military personnel in the fuudsmental principles of radiological 
ssfety,. 
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Appendix A 

SUPPLEP4iEMTARY MATERIAL QN 

A.1 RATIO OF COhW!i!IOR EFFECTS FOR THE TWO SHIPS, ASSUMIRG RO 
wASRDOwNOCcuRRED. 

In determining the ratio of contmmination effects for the two ships, 
assuming that no washdown had occurred, use was made of the following 
definitions: 

x= 
YZ 
A1 

Dn 

Mt 

k= 
h: 

. 
f= 
z 

L 
A 

gamma dose 
gamma dose 
g6nm~ dose 
unshielded 
grumna dose 
unshielded 
gamma dose 

rate at the shielded masthead station. 
rate at the unshielded deck station near the kingpost. 
rate contributed by contaminants in the air at any 
exterior station. 
rate contributed by contaminants on the dome of an 
station on the kingpost. 
rate contributed by contaminants on the masthead to 

an unshielded station on the kingpost. 
attenuation factor due to lead shielding. 
ratio of the gammadoserate at masthead height to that one meter 
above the deck resulting from deck surace contaminants. 
unshielded fraction of D contributing to X. 
unshielded fraction of M contributing to X. 
ratio of contamination effects of YAG 39/YAG 40 that would have 
been observed if YAG 39 had had no washdown. 

. i 

Q is a measure of the deviation from the assumption that the two 
ships would have-shown the same contamination effects if the protected 
ship had had no washdown. The actual measurements of gamma fields 
observed on the two ships must be adjusted for this difference in contami- 
nation effects to produce realistic values of wa6hdown effectiveness. 

The shielded masthead station reading results from the following 
contributions: 

1. Contaminants on the meashead station dome, 
shielded from the masthead station detectors; 

2. Contaminants on the masthead surfaces, all 
from the masthead station detectors; 

some of which are 

of which are shielded 

3. Contaminant6 on the deck station dome and on the deck surfaces, 
L all of which are shielded from the pasthead station detectors; 

4. Contaminants in the air surrounding the masthead station, some 
of which are shielded from the masthead station detectors. 

0 Symbolically this may be written as: 

X + [f + (1-f)kjD 4 kM C kh(Y - A) C [g C (l-g) k]A (A.11 
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For Shot 5, it seems reasonable to assume that the contributions of 
the contaminated air, masthead station dome, and masthead surfaces to the 
masthead station readings on the,two ships were proportional to the 
general contamination which would have resulted if neither ship had been 
washed that is: 

4 
s=k=Q 
Y, Ab 1 

where the s:ibscri$s a and b refer to YAG 39 and YAG 40, respectively. 
Since the deck surfaces were affected by the washdown it follows that: 

Ya i Q$,r therefore 

xa -l&Y, = 

xb - khYb 

Substituting the 

Xa - khYa = 

Xb - khYb 

(A-2) 

[f C (10f)k]Da C kM, &C g + (l-g)k - kh3Aa 
-- 

[f + (1-f)k]q, : kMb +[ g + (1-g)k - kh]Ab 
(A.3) 

relationships of A.2 into A.3 results in 

Q 

This ratio was evaluated both for cumulative-dose and 
sons. For the dose comparison the dose values up to 
substituted for the dose-rate values indicated in the 

The values of k were calculated from the data of 
studies. 

(A.41 

dose-rate compari- 
a given time IJere 
equation. 
the absorption 

Approximate values of h were obtained from Figures D.2c and D.2d in 
Appendix D of the Effects of Atomic Weapons handbook. A gamma energy of 
1 Mev was assumed for this estimation because the effect of choice of 
gw energy appeared to influence the estimate of h only to a minor 
degree in the energy region of interest. 

Example. Shot 5 at 4 hr after burst. 
For a finite contaminated slab having an equivalent radius of 13 meters 

and a masthead approximately 10 meters above the deck, the value of h was 
estimated to be 0.2. The value of k was approximately 0.15, Xa = 21 r/hr, 
Xb = 13.2 r/hr, Ya = 8.3 r/hr, and Yb = 65 r/hr. 

. 
. . 

For 
into the 

For 

Q r 21 - 0.03 x 8.3 
13.2 - 0.03 x 65 = 

1.84 for dose-rate comparison at 3 hr 

the dose comparison, accumulated dose up to 4 hr were substituted 
equation. 
Shot 4, the techniques used for Shot 5 in evaluating Q cannot 

be applied, because the masthead stations on YAG 39 were inadvertently 
washed, whereas those on YAG 40 were not. In this case Da& k Q and to 
obtain a variable which is not affected by differences due to washing 
action, it is necessary to use: 
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x,: khYa - b’ t (1-f)klD, _ Q 
xb - khYa - [ f i (l-f)k]I+, - (A.51 

However, the values of f and D cannot be evaluated from existing data, 
. aud relatively mall e:-rors in est3.mMn.g these values have a large effect 

on the value of Q. Several rough estimates of f and D gave values of Q 
both larger and maU.er than unity, which probably indicates that the 

? safest assumption to make is that equal contmlnation effects occurred 
on the two ships. 

Qualitative study of the masthead station data shows: (1) similar 
times of fluctuation of dose rates, which indicates sim.i& periods of 
fallout on the tvo ships; (2) similar rates of buildup of dose rates when 
corrected for decay and plotted on linear scales, which would tend to 
indicate similar rates of buildup of contamination levela, at least during 
the early periods; and (3) the reduction of the dose rate by rain on the 
unwashed hihgpost station dome at 5.5 hr(see Figure 2.9) which would be 
expected to be less than that by a continuous dome washdown leads one to 
comlude that reasonably good agreement between the shielded station data 
from the two ships would have resulted had both domes been continuously 
washed. All these q@litiative considerations indicate that the sssw- 
tion of equal contamination effects on the two ships should give fair 
estimates of washdown effectiveness. 

A.2 FLGWRA!I!EANDWINDSPIED6~~ 

1 

2 2001 

E 
\ 

a 
s? 
E 
f 100 

ii 
i 

SO 

B 

0 2 4 6 6 0 2 4 6 8 IO 

TIME AFTER SHOT 4 (HR 1 TIME AFTER SHOT 8 titR) 

Figure A.1 Waehdown cupply flow rate aboard the YAG 39 
versus time after Shots 4 and 5. 
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Figure A.4 Relative wind opeed and direction aboard YAC 39 
and YAC 40 versus time after Shot 2 
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B.1 DERIVATION OF THE SHIELDING FACTOR 

B&i Comonenta of the Shielding Factor. Let the dose rate, 
or intensity, zneasured above the deck be Idk, which may consist of the 
sum of three elements: 

- contribution from actitity deposited on x&her surfaces 
- contribution fro= activity in the air during the fallout 

a 
event 

Iw - contribution from acti@.ty in the sea water. 

For this discussion.let the ratio of the dose rate in an 
partmmt to that on the deck define the shielding factor 
appropriate subscript, for each of the three components. 

interjior com- 
f, with the 
Then the 

overall shielding factor F, defined simply as the ratio of the pteri~ 
dose rate to that on deck, due to all radioactive sources, is: 

F = I&k - f*I, + faIa * fwIw 

Ie + Ia f IV 

Mow each f depends on the energy spectrum of the radiations, on 
the geometry of the radioactive sourc&, and on the characteristics of 
the ship. The value of F, however, is not uniquely determined by the 
individ&l fts, but depends also on the values of the radiation compon- 
e&se Therefore, evaluation of the oversll shi&l.ing factor for any 
fallout situat5on reclufres a knowledge of all six of the variables in 
Equation B.1. 

Some conclusions regam3ing the relation between F and f maY be 
made by subtracting fs froxn both sides of E&x&ion B.1, givi8g: 

F = fs 4 (fa - fs) G/z* 4 <f, - fs) lw/, 

If the ship is in the fallout event s&l in contmnU%ted water, 

F> fsFf (fa - fs) Ia + (fw - Es) Iw 20 

(B.2) 

(Be31 

‘.Thi3 presentation is txmmd& A.@ified in that the quantity f I 
may consist of the sum of several such terms. This would be the 8&e 
if more than one weather surface coztributed significantly to the 
radiation level at the point of intorest, e, g,, activity deposited 
on the upper deck and activity deposited on the hull. 
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If the fallout haa sttopped but the ehig ia oti3l Irr coaWted watar, 
bZO,d 

F >fm ff (fw- fa) z>O @.G 

IFthe ship iooutof thefaUoate=verrteadoutoftheregionofc<mt~- 
I 

aated water, I P 0, Las - 0, and 
8 

, 
(W 

. is the fsae fOr both ships. P%%%lly, It is @mxiwd t&t thy &feet of 
wa13hdov~ reduces the contribution 0r weather eurfaces oxc YAG 34 -by a 

ractor G 

From theaeas~~mr 

CCNWDENT4A4. 
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F40 = r [f,I, * faXa f f&l 

, 

_. _ ___. __“. ;__.._..%_--_~.3- ..-._ _.___._ .._._. 

~ropl this expression, the ratio of ehicldiog factors can vary be-en the 
following limits: 

o&& 

*40 r 
(Be91 

for ks a< 1, or: 

o&?<ks= -- 
F40 r 

03.10) 

for the more unUkely case where ks a2 1, 
prom Equation B.8, it is apparent t&t if the contribution from 

airborne and waterborne sources is ;legligible coqmed to that from 
weather surfaces, then FTJC#'~ = 1. Conversely, when the contribution 
frcm weather surfaces becows ne ligible compared to that from airborne 
and waterborne sources, then F 9 FM approaches l/r. 7 

Since r is co-able to ? minus the washdown effectiveness (expressed 
as a fraction), determined in Chapter 2 to be of the order of O.G5 to 0.1, 
It is possible, In locations well-shiel,ded from weather surfaces, for the 
overall ehielding fwtor on XAG 39 to be an order of mgnituie greater 
WulonYAG 40. 

From Equation 9.8 the condition that F3g,/F@,> 1 is: 

(& - fs) Ia + (f, - fs) $2 0 for ks a< 1 bW 
which is identical to the condition that P> fs, as given bg Eq;tation B.3. 

B.1.3 Relation Betmen fs axd F. The shielding factor for weather 
surface contamination cm be estimated from measurements of the overall 
shieldiw factor on the two ships in the following way. From the asmmp- 
tions of Section 8.1.2, the difference in deck intensities is given by: 

IO0 - I8 + I, + Iw 

The difference in intensities at a shielded location is given by: 

I40 
- fsIs + faIa * fwIw 

=k 
s fSIS + f aIa 4 fJw 

Iho - l$ = fsIs(P - kg a) bl3) 
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F&a these two equations, and recalling tkz& r - 1 
ak3d %k40* 

Tb show more clearly the relation between f, end F, this expression 
nay be rewritteu either as 

. 

(B.15) 

or: 

Except in the instrument recording row, the obeerved values of F~Y/F~ 
are in the neie;hBorhood of li to 2. The observed values of r, however, 
are of the order of 10 or 20. From -t-Ion B.15, it can be inferred 
that fG is less than FM, but by at most 6bout a percent. On the other 
hand, from Equation 8.16, f, may be lesq tm W the value of Fzg. DJ 
the heavily shielded recorder room, FJ&Qg asi l/r are of the &me ortIer 

l of xmgnitude; hence at this location.fs nay be corlsidex-ably legs tima 
R+o azd zore than so order of ma@tude leaa t&n 39. 

The &se rate, I, measured under the two 6-ft square plates, due to 
sources on the upper deck, can be segaratcd lnt~ two comgmmnts: Itr, 
fron radiations transmitted through the plates, and SSC, from radiations 
which do not p-s through the plate. These latter radiations may consist 
of gama rays scattered in an upward direction by the air and by the 
second deck and also of rays traveling directly to the detectors frorm 
relativelsr distant sources on the upper deck. These radiations might 
not contribute more than a few percent to the total reading if the platee 
were not present. However, because of the large attehuation of radiations 
passing through the plates, Itr and 1s~ CBP be of the sme order of 
lnagnitude. 

To obtain a better estimate of the dose rate under a large 2-in.- 
thick deck, au attenpt has been made to elininate Isc in the follcming 
JW* Assume Isc is the mme for both the 2-b. and 44~. plates. Let 
Itr for the h-in. plate equal some factor k times It= for the 2-b. plate. 
Then 

(B.17) 
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4 
” - ICI& + IBC 

“. ..I. frrrarldllch 

.I 
I" 

P 

Itr - 2 - 14" 

i l-k 

IAterm of dhieldiAg f8ctor8, F I I/& where l& io the dam? rate 
measured 0A the upper Ueck above the plates, 

b19) 

In Section 3.4.4 of the text the qu8ntity F2" - F4" has been used a8 a~ 

, estimate of the shielding fector whichwouldbezmmaredbeAeatha2-in 
.’ thick tick. On the basis of the steel pipe abmrptfoA tit&, k is lem 

thma about 0.15, 80 that F2" - F4" Ghoul& be within 20 PrCeAt Of Ftr. 

.a 
B.3 cQUCULATIOROFSEIELBIRCFAC'N)RS~RBEROSITED~~ 

B.3.1 Basic Approach. CoBaider a ateel pl&e with isotropic mdio- 
active sources unifomly distribute& over ore surface. Amum that the 
mergy spectrusl e.zid the mltiple scrPttering buildup cheracterirtics of 
the radiation am rtuch that the dose rate frcm a bears of-the radiationa 
traveling through a~ SrbsorbiAg z%edium Is attenuated BE e-w, wSere 8 is 
the thic&ess of absorber and 5 the apparent absorption coefficient as 
d&em&led from Section 3.4.3. This attentuatlorr might be measure& by irn 
isotropic detector receivixlg radiations irrcident on it fro% a;ix direetione. 

Suppose there are, in genertxl, several absorber8 (&eel plates and 

_,’ ’ 

/: i 

‘, : 

. . 1 

..,T . . 
4 

inte~-~~~~i~ air j. Then, consider&g al.80 geomtricti att.eAu~tioA 
(imercc square law), the dose rate d1 at any potit due to the marces 
distributed over %A element of area dA is given by: 

d1 = r, e-Em 
'&%G2 @.a) 

where &, represents the source strength, Lfnd is equal to 49~ t*e the 
dm~~ta TNWSW~~ at unit distance from bL unit area of the aoume* Ihe 
8umatiou is taken over all media between the source aad the receiver.1 

Integratioa of Equation B.20 over the entire area contiMarrz r&o- 
active so&es 

Letting z 
tazuJAaU.OA aAd 
a coAtauliAated 
expressed as: 

will give the dose rate I at any point in terns o? I 
represent the total thlck~ess of steel between the c%- 
the point of interest and h the distance of the potit from 
rectmgularplate, the integral of Equation1920 ca~be 

I- + I- Ei(-tlh) + Ei(-uxo) I 

1 
!Phe approach here hollows that of Reference 1 exe t 
used in place of radiation intensity (Wv/sq ca/sec , 

that doe rate ie 
aad the expression 

for atteauation Be-w, where u is the usual marrow beam absorption 
coefffcient md B in the buildup feztgr, is here replaced by the 
.e.mpirically detemined expression, e-*8. 

340 
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Denoting the raedfa steel &pd air by subscripts o aM a, u rll~g z/h + pa 
and 43 re resents the negative expoaetrtlal i.ntegral. The sylrdbol xo Is 

v+-7- equal to h 4 F& where &, is the rad%m of a circular plate givies the 
Bmc value of f as the PectEmgular pla$e. 

The first term in Equation B.21 represents the dose rate frQfa m 
infinite plate, asld the eecond tene repr?es;ent6 the doere rate frown beyond 
the 1Mte of the finite rectmgular plate. Their difference ttatrefore 
gives the dose rate frost murcc~ dlctributed Over the plate? ItmU. 

8 
a.3.2 makeion of the Shield& Factor. For cets below 

the weathm? deck. where the weather deck is cc-??idered EBB 
on which conta&mtion ie deposited, the sb;le%Srrg; ractor 
activity ia given by: 

T 

the only surface 
for depoprlted 

where Ih Is-the do= rate at dlstrulce h below the wersther 
Is the dose rate 3 ft above the deck. 

Equation 13.22 ccara be evaluated from Equation B.21 if 
intervening air are considered to be the only &ttenuating 

deck maa ?3@ 

the decks amd 
@Ais. The 

caUulationo present& in the text have asmned that the contacted 
area can be approxlmted by a 6-e of the width of the deck, ln which 
cam R. is approxlmtely equal to the radius of a circle of equivalent 
area. Also, the %pparent absorption cafficPent for air,& has been 
approxignslted by multiplyi%g ps by the ratio of the denrsfty of air to 
t&t of steel. 

. 
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c.1 PRGPECTIVE COATINGS 

.\ 

C.l.l History. In December of 1952, the !&U-e Island Paint LaboratOry 
was contacted in regard to developing a removable paint which would be 
temperature sensitive and easily washed off with a high-pressure stream 
of hot water. Approximately 6 months later, several samples of water 
emulsion paint were received at WRDL, and laboratory tests were started 
on both ~Vontamfnated and uncontcminated samples. Wing the next 5 months, 
many variations of the original formula were tested. It was found that 
90 percent or more of the contaminant was removed in the process of 
removing the paint. A composition was selected for further sl@y which 
could be removed with a stream of water from a hot-liquid-jet unit at 
approximately 180°F and 2W psig at a rate of 4 to 5 sq ft/min. This 
paint was identified as Radiological Protective Coating, Formula 980, 
and 300 gal were prepared by Mfkre Island for,evaluation on the test ships 
at Operation Castle, Although this paint could be made in any shade from 
white to black, a dark gray was selected so its removal could be easily 
followed. 

In May 1953; BuShips Code 588 forwarded to HRDL a sample of a waste 
product from the Sun Oil Company via Sellers Injector Corporation to be 
evaluated as a hot-water-sensitive coating for ships. The material was 
entirely unsatisfactory as received, so Code 588 requested the Paint 
Laboratory at the Philadelphia Naval Shipyard to formulate a paint from 
this base that would meet the specificat:ons. Subsequently, a sample of 
the new composition was shipped to NRDL for evaluation. It was recom- 
mended that this paint be removed by educting kerosene or other mineral 
spirits with the hot-liquid-jet units. This formulation was very diffi- 
cult to remove, snd it was impossible to remove more than 40 to 50 percent 
of the paint with prolonged hot-liquid-jet flushing. Since this paint 
represented a type different from the water-emulsion paint, 50 gal were 
shipped to the test site for limited testing. 

/ 
,' 

C.1.2 Objectives. The objectives of the protective casting study 
were to determine the effectiveness of a removable protective coating as 
an aid in the recovery of ships contsminated by fallout from a nuclear 
detonation and to evaluate specific formulations of hot-water-sensitivecre- 
emulsion paints and solvent or oil-base hot-water-sensitive coatings in 
the above application. 

C.l.3 Procedure. The starboard gun tubs on both the YAG 39 and 
YAG 40 were painted with an oil-base paint' and 90 percent Of the 

1 
Sellers Injector Corp., Formula X-805930gray. 

_-__ _. _ _ _ 
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remainder of Section 3 on both ships vm paint& with the water-emulsion 
paint (Formula 980) as shown in Figure C.l. 

Upon return of the teat ships fmm the forward area after Shot 2, 
tests were made on the only slightly active YAG 39 to determine the 
removability of the protective coatings. It was found that the oil-base 
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Figure C.l Plan view of section 3, YAG 40 showing areas of 
protective paint and monitoring etations. 
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paint could not be removed by the hot-liquid jet, even by soaking for 
15 to 20 min in kerosene. The water-emulsion paint was relatively easy 
to remove from the horizontal surfaces with the l250-gal/hr hot-liquid- 
jet unit but was very difficult to remove from the vertical surfaces and 
impossible to remove more than 50 to 60 percent of the paint by this 
method alone. 

The following procedure was very effective in removing 90 to 95 
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p@rcent of the water-emllsr,on paint fKxn; all 5llif~e5: (1) the pF&int 
was sprayed with very dilute caustic solution (approximtely 2 percent 
commercial grade IWXi); (2) this was allowed to soak into the surface 
approximtely 5 to 15 mln; and (3) the surface was flushed with a l&In. 
f irehose at a rate of approximately 100 sq ft/min. 

Thleprocedurewasused to remve the paint from Zone 3 of the highly 
contsxinated XAG J+O, but it would not loosen the oil-base paint fro!& the 
starboard gun tub. Three team ofei~t~neachwereusedalternarte~. 
Ek%ch tesp~ consisted of one caustic sprayer, two l&in. firehose operators, 
five hot-liquid-jet operators (two on each unit, aud oue to help with 
hoses and assist the caustic sprayer). Supportingt& three teemat 
two hot-liquid-jet control operators, two caustic mixers, one tesa~ 
coordinator, and two HBM, supervisors, all aboard the YAG 39. The opera- 
ting schedule for each teem is shown in Figure C.2. 

The total area of Section 3, 8pproxintstel.y 5,209 eq it, required 

0 2 4 6 8 IO 12 14 16 18 20 22 
TIME (MIN) 

Figure C.2 Operating schedule for the teams z~moving the 
paint from the YAG 40 after Shot 2. 

12 operating periods of 23+ min each to contplete the decontamination. 
Prior to the participation In Shot 4 all of the weather surfaces of 

the YAG 40, with the exception of the flying bridge, aft deck house, and 
the hull, were painted with the water-emulsion paint. This paint was 
thinned with fresh water in the volume ratio of 1 part water to 4 parts 
paint and applied by spraying to all of the surfaces, except the wood 
planking of the boat deck and the flight deck. It was applied to these 
two surfaces with swabs. Approximately 75 percent of the boat deck had 
been resurfaces with a powered rotary wire brush, and the paint was applied 
directly to the bare wood. 

The YAG 40 was not derontminated until after Shot 5, because only 
cb~l Insignificant mount of activity was present from the preceding shot. 
The decontamination was operational rather than experimental. It was 
considered impractical to attempt to remove the paint with the hot-liquid 
jet alone and the caustic soda procedure was begun imediately. 

The general k&hod used to reduce the radiation level and remove the 
psclnt was:. (1) firehose; (2) allcw to dry; (3) app caustic solution; 
(4) direhose. 3 The initial firehosing, done with a 1 -in. fog nozzle 
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firehosed initIalI&, then each sectlsn vas treated a& a unit for paiat 
stripping. A 5 percent solution of cau+lc &a seavater vu8 applied to 
the decks vith svaba and a 10 percent solution vas wed SEA the 
usipg a solid &rem, va43 inwaf3a to rer3cwe koose activity and hofs 
reconta;.tion to a min%uum. The m&ace had to dry before cau&lc 

4 application became the camtic solution v0uld not penetrate the vater 
filra ami effectively attack the coatlX@ beneath. !be vhole ehlp vas 
bulkheadsvitha&@solineer@ne-driveun]?rayer. !PhemblepaInt 

? vas then dripped vlth a I.$+. fog nozzle uraim3 the mlid strem and 
flushed 0verboard. !lhe main deck passage on either side of +a moper- 
lptructure companioMWys, however, were flushed vlth a Sellers 6,COO gali 
br hot-liquid-jet uuit. 

The paint E&ripping operE3tiOn took 5 *i3 t0 C03plete. T& te38% 
vere sletup prlmitily t0 i&se described for the etrippiug opSrati0n 
foU0vlngSh0t2,exceptthatusuaUy three tea38 0peratedaimltaueely 

. 

. . 
4 

LA 

. 

__,. 
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CL.4 Debts and Dlscumion. 

C.1.4.k Application of Paint. Thevater-eml8bonp4Ut(F0rmla~), 
as received,was f0undtobeveryd$ff%ctebt tOapp?.yviththeaV'ailable 
eprayeguipmentvithoutthr0vLugoutlarge clrtmlrrp,vhichre~UW in 
buildup of a thick layer. Itwa8 foauadthata heavy layerwasvery 
clIffhilt to reamve~ Alayerof lto2mllswas~~tdeslrable. !Ehe 
paintwas thinnedwithfreshwater inthe trol~praportlo~oiorrsvater 
to four paint, before applying by spray. In many places the vertical 
tmrfaces showed run streaks. The paint dried tack free In about lhr 
to a dark gray, almat black color. Prm6to8hrvasreqtuiredforthe 
paint t0 take a permanent set. The 011 base paint vas applied by,brush 
trod appeared to have brushiug qualities equal. to that of any other g00d 
grade of paint. This paint dried tack free'ln approximately 4 br and 
set to a yellow gray layer in approximately 12 hr. 

~~4.2 Durability. A few hours after painting the test chips for 
par%icipation in Shot 1, a coneiderable #mount of rain fell, which 
resulted in loosening much of the vater-emltaion paint on the horiiogtal 
surfaces. The vertical surfaces appeared to be unhaxmed,asverethe 
surfaces covered with the oil-base paint. 

The deck surfaces covered vith the vater-emlsion paint vere slip- 
pery when wet, aud heavy traffic over these areas loosened the paint, 
which was washed away by the rain. However, itvas observed, that after 
the paint had been given sufficient timz to set prior to vettlqg, it 
offered much nme resistance to wear. Uhem dry, thi63 paWL vas not 
slippery; but it did scuff rather easily, aud La ita present form could 
not be couaidered for use on ship decks. 

C.l..4,3 Removal. of Paint. In the.pi-el~ testa 0n the YAO 39 
after Shot 2, it wers found that the 1,250~gal/hr hot-liquid-jet cLe.'P_nina 
unit removed only 6O to 8O percent of the water-enulsion paint fraan the 
verticai surfaces, all of the paint could be rewed at a rate af appr0xi- 
rmately 20 sq ft/min with the same jet unit. 

, 

The procedure followed in the deccmtamiuatirzn of Section 3 of YAO 4O 
resulted in removal of approxixmtely 95 percent 0% the paint. The fire- 
hosLug operations after pre-treaIment with dilute caustic revved betveen 
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40 to 70 percent of the paint, with 95 percent of the rest being removed 
by the hot-liquid-jet operation. The total operating rate for the com- 
plete process was 320 sq ft/matt-hr. 

The water-emulsion paint -made it possible to analyze the effective- 
ness of the 1,25O=gal/hr hot-liquid-jet cleaning unit. ft was observed 
that this jet unit made a path only 1 to 14 in. wide at normal distance 
from the surface. When operating at the customary speed, a zig-zag 
path resulted, with only approximately 25 percent area coverage. It 
became evident from these tests that the l,25O-gal/hr jet with the nozzle 
used is inadequate for a large-scale paint-stripping operation. 

C.l.&4 Fffectiveness. Aou~~maryofth gammaandbetareading 
before and after decontamination of Section 3 of the YAG 4s after Shot 2 
are given'in Table C.1. The removal of the water-emulsion paint showed 
a reduction in gazes level of from 60 to 90 percent with an average of 
76 percent. The beta survey showed a reduction of 52 to 9 percent with 
an average of 84 percent. The same decontamination process on an adjacent 
unprotected area showed a reduction of 50 to 60 percent with an average 
of 55 percent removal of the contaminant. 

The oil-base protective paint which could not be removed, was found 
to be slightly more difficult to decontaminate than standard Havy paint. 
The gamma survey showed a renoval of $3 percent of the contaminant. 

It is believed that the effectiveness of the protective coating 
could be increased by making a special effort to avoid recontamination 
during the decontemination operation. This could be partially accom- 
plished by wor ing from the tog dowr'and flushing the decontaminated 
surfaces with water when there is a possibility of recontamination from 
an ad.jacent, not-yet-decontaminated area. 

In removing the protective coating after Shot 5, the repeated appli- 
cations of caustic soda in high concentrations removed much of the 5H 
Haze Gray paint and even some of the red-lead primer. Such severe treat- 
ment would not be required to remove the protective coating, if the carzs- 
tic soda could have been retained on the vertical surfaces long enough 
to react with the coating. The rapid runoff mad2 necessary repeated 
applications; higher concentrations were used in hope of increasing the 
removal rate. 

The removal was not uniform because of the lack of control over the 
reaction. In some places all of the paint, including haze Gray and red- 
lead primer was stripped to the bare mtal; in other sports parts of the 
protective coating remained. It is believed that this irregular stripping 
lowered the,decontsmination efficiency because of the extensive recon- 
tamination,,as well as the faulty removal. 

C.1.5 Conclusions. The experimental results show that the selected 
radiological protective coatings tested are unsatisfactory for oervice 
use, but the emulsion coating (Formula 98O) demonstrated the soundness 
of the basic theory of a removable protective coating in i;he decontmna- 
tion of a ship. 

The hot-liquid- et cleaning unit and nozzle combination used will 
give adequate coverage when iperating at the required distances and 
desired rate of surface coverage. 

The following specific conclusions can be made regarding the two 
paints tested. 
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Mare IslandFormula98O. 
This paint can only be removed effectively after treatment -2ith 8 

mild caustic solution. 
A total of 90 to 95 percent of the aint is removabie after caustic 

treatment at a nominal rate of 20 sq ft min and will remove 75 to g0 P 
percent of the radioactive contamin8nt present. 

Sellers Formula X-80593 Gray. 
Thir;; pRint is unsatisfactory for use 8s a removnble protective 

coating, because It is no easier to remove than standard Navy paint and 
is no less difficult to decontaminate. 

Caustic Treatment: 
This treatment iL a? effective method of stripping paint on horizontal 

surfaces end also on vertical surfaces if the solution can be retained on 
the surface long enough to re8ct. 

c.l.6 Recommendations. The progrsm to develop a removable radio- 
logical-protective cositing which will conform to the following specifi- 
cations should be continued. The coating should: (1) be easily applied 
over Navy 116-5~ paint system by either brush or spi'ay; (2) set suffi- 
ciently within 2 hr &ter application that it will be unaffected by rain 
or salt water spray and after 4 hr be sufficiently set on horizontal 
surfaces that they ce;n be walked on; (3) withstand flushing with 250 gpm 
of water at a distance of 6 inches and a nozzle temperature and pressure 
of 140°F and 35 psi, respectively; (4) withstand radiant heating up to 
temperatures of lb°F without detectable change; (5) be removable at a 
rate of 50 to 100 sq ft/min using 20 gpm of wster at a distance of.6 to 
l.2 in. 8nd a nozzle temperature and pressure of 1'7O'P snd 150 psi&; 
(6) withstand normal service use for 3 to 6 months; (7) fulfill remov8l 
requirements 6 to 12 months after application; and (8) permit visual 
determination of the progress of removal. 

A protective Coating system that involves two easily removable 
coatings and is applied over the standard Navy paint should be developed. 
The top layer should be removable with a stresm of hot water and the lower 
layer should be removed with a special solvent or weak alkali solution. 
It is conceivable that such a system would make possible 90 to 95 percent 
removal, after which the ships could be returned to a shipyard where the 
second protective coating could be rapidly removed in the industrial 
decontamination operation. 

Studies to improve the effectiveness of the hot-liquid-Jet cleaning 
unit for removing hot-water-sensitive coatings should be started. 

Procedures for removal of standard Navy paint. with viscous or 
thickened paint-stripping solutions should be developed. 

C.2 CAMMA-ROSE-RATRCURVRS 

Curves showing the reduction in the average gamma dose rate cn deck 
due to the combined effects of decontamination and decay are given in 
Figures C.3 through C.5. The end points 
initial and final surveys which included 
surveys permitted the computation of the 
individual readings, 

348 

of the curves were found from 
the entire ship. Such complete 
mean value from the sum of the 
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Figure C.5 Aoerqe g~ma dose rats abcar81 YAci bO QB 6 

function of tixne after Shot 5. 

Mweve?r, it was not ~lw'6yu pousible to cetablleh the value of 
lnta~te point8 on the curve8 by this IMUW direct u&hod. 2his was 
due to the fact that the interwdistu fsur’vcy~ covered only thoec eectionrr 
of the aup flal?c~ for e particul6r decon-tion cqmatictn. 

c.2.1 ?whod of Determlnatiorl. TOC~te the werage shipbomxl 
level~tersau'wey~onlyoportfonrof thedeck, itwasnecessary to 
m&e dccey corrcctiops to- the-rc6dlngr taken fro& th rat of the- ship 
prior to teccm~tloa. A theoretical t-l.5 -dECEly l.SWWRS 
%lSployedinaJustingtbere rcdling;lstoac~tinre. me 4.5 
exponatwwiv detc~~frosrdatscolZeckd&uingOporationCae~ 
(Rtfereaca 6). 

references, slnse 6ubae*nt 
e0rlier esti5at.e. 

correctionR incrc* the preciaioa of the 

me fact that the t-1.5 lA78veryne:eulyfol.Y.ovs the decay&C 
obeerved aboard the ships is borne outbyFigureaC.3throu@iC.5. The 
oolldcurve showa %neachof those figures COEU.WC~S pabtn which have 
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levelc~ cozzpiled ztndependexatly by RadiologPcal Safety pereoma lilai 
sepate lmrveg data. Althou6h them vtulc?r neti no ltk?cay Ccmction~ 
the clpcled point&3 fall extrermaly closie to the bc8y-corree~ 6olidl 
CurYe* Thiar ten& to fsiafmattite tha valwty of the t-l-5 hr. 

!Eable C.2 deaozWr8teo the pmcedure for calcuhtdag the gcaint8 for 

. 

x+7 

a 

59 

t&e solid curve shartn In Figure C. 4 for Y&G 39 after Shot 5. Total8 for 
the Initial survey at 76 hr raftm shot t&m are &own. Colum 2 lists 
tht? smuber of readings taken In each section, md Colttrm 4 UatrJ the 
aumatton of these uimswnta within each 8ectfoa. Coqutatloar of a 
oingle average dose rate for the entire ship Is depexdent upon uniiornly 

4 dbstributed survey readings. rnmfo*, within 8 61Ven section the mm- 
ber of readlnge should be proportional to the area of that section. Where 
this was not the case, section tote‘3 in Colmm 4 were veighted by the 

d ratio of number of stations to the number of readinga, inawrmchssthb 
station density ova- thz Maole ship was relatively coasta&. The average 
shipboard level of 199 mr/br Ln Column 6 was found by dividbg the tot& 
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count for the whole 

At 130 hr, the 
been recefly decontaninwted, +nce the decu factor in Colum 3 for each 
of these -A zas ia unfty. 

The samnation of readimge per sect&m Is @Justed in Colm 5 by 
multiplying the value in Colum 4 by the ~nuxtber of available survey 
atatio$& In Co1um.n 1 aml dividing by the nwrber of ret&ltzga ectu%Uy 
taken in Colum 2. For Section 1 this calcuLatil;n is 

, 
47137 W64~ m 3-a 

Retiings in Sections 2 aad 3 were decayed fFQla 76 hr to 130 hr after 
shot ti.cm, since these tvo aresa vere not deconttamiwted and surveyecl 
aloz~g with the other four sectlohs. Values in Column 4 were multiy? ;ed 
by the &cay factors in Colum 3. For Section 2 the calculation $4 

0.447 (a60) g 53oQ 

The corrected sumations of readinga for each section were then 
totaled are entered in Column 5. This was in turn divided by the nmiber 
of statiorm to obtain the average shipboard level of 130 hmrs. 

27130/330 : 02 m&r. 

A similar procedure was foLlowed for survey times of 154 hr and 
178 hr, an.& the values axe ahovn in the table. 

C .3 IXZEWNATION OF COSPX,DEKE IXTERVATS 

C.3.1 Method. To bracket the true mean vaI.ues of initial contumi- 
nant sirring, the 950percent confidence limits were computed from the 
data obtalned during; the tactical decontmnimtion a,ttiies aboati XAC 40 
after Shot 2. 

These limits were detemined in the cusv rimmer using the 
equation: 

X t mean value of temples 
8 = an uabiamzd estimate of the stzmd8.M devlatiou 
n = number of samples 
t t the precentage point of the t distribution for n-l 

degrees of freedom and for 0.05 confidence level. 

The value of s in the above equation was computed by the technique described 
(heferexrce 24). T-able C.3 demonstrates this technique. 

Since the frequency Cistribution of values for percent of initisl 
.conttunination remaining ha8 not b.een established, it was assumed that the 
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sample values were from a normal poptllation. This assumption, althou@ 
required for emplcylng the "t" distribution in computing the confidence 
limits, did not preclude the existence of a population distribution 
other than normal. Hovever, since the ZIXXXM of the samaples from most 
abnormal distributions tend to approxixate a normal distribution for 
large sample sizes, the resultant error, If any, from the above asmmp- 
tion was not expected to be significant. 
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Shot 2 
YAG40 

Date 
Tim &ter Shot Time of No. of 
Days Hours I&w Men Renmrk8 

w/9 wi 147 og3ow 12 
149 u30 

153 1530 

413 m7 172 1030 25 

176 1430 

178 1630 

Surveyed Sections 
Surveyed Sectione 
fD;JsrndFHflWh 
Surveyed Section 

laad2priortoFH 
1 and 2 prior to Hsw 

Surveyed Section.6 

lad2 

5a6 
m &ZGtiOKh 5 a&!. 6s 
Suwesed Sections 5 a&l &E$(a) and FH 
flushed Sectioa 5 aad 6s 
SurveyedSections sand 6 

SplnrcyeCa SectioN .5 ti 6 - Applied 
C42OthenHIJrzxrdFHflushedSecti6ns 
5 rrnd 6~ 
Surveyed Sections 5 and 6 

-_-_-_--_-_-_--- -_-_---_ -_---__------_ 

Men transferred to pzvteetitre coating etudies from lkO0 of 4th to 1400 of 5th 
-----------_ ---w-B-. ------------- 

415 w 219 
224 
226 

416 R-P10 242 

416 Iw.0 247 
248 

417 B+la 267 
271 

418 m-1.2 293 

4/Y R+r3 3l4 

ww 
1430 
1600 

0830 

J-330 
1430 

w30 
1300 

3130 

0830 

25 Sumeyed Section 4 (wheel house) 
Applied C-120 then I&T8 iiS(a) and IFW 
Surveyed Section 4 

26 
iiS i v 

~a)4iLJ Section 4 (boat deck) 
and FE fluhed Section 4 (wheel 

tie) 
Setup6000gaJ.Sellersunitand 
turret nozzle. 

26 Surveyed Sections 1, 2, end 3 

24 6003 HIda) section 
6ooomsectic?n3 

Finished Secti 
YT Started6OOOHLJ~ 

(boat deck) 

Finisbed Section 4 (boat deck) 
Surveyed Sqticana l8 2, 3 and 4 
6cmo MnT(al Sections 5 and 6 

(b) Times I&UWEA are evreraged t?, nearest h&f hour, 

3% 
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mot2 
YAG 40 (Coxlt.) 

Date 

5m 

She5 
x&40 

r/15 

51x6 

s/17 

Time after Shot Time of 

is!P xoum Ray 

R-G.4 

y+3 

Y-t-4 

Y95 

Y4 

W 

Y+lo 

Y+ll 

YM.2 

338 

76 

99 

z 

130 

146 

149 
151 

154 

i70 

179 

w 

0830 

10420 

&?o 

0830 

1600 

1630 

28 

28 

28 

28 

35 

2Q 
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Initgal SIlrrvey prior to decon 

FH t%?danl, 2, 30 4 cad 
Survey Sectiom 10 2; 38 "I 

2 of 5 
. ad 5 

slm?yedSecti~1ssnd4(vhcelhausc) 
cs and FH sectiqzus 2, 3@ 5, 6 and 4 
(IxMwIeck~~part~) 
Surveyed Sections 2# 3, 5 EJM 6 
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.~. 

.’ 

./. Shot 5 
I YAG 40 (conte) 

Date 

5118154 

. 5119 
I-.:,; 

Time after Shot 
Days Hours 

YW 3J.4 

322 

Y414 338 

346 

Y415 362 

3Qg 

~416 386 

393 

The of NO. of 
Men Remarks I___ 

0830 20 CS and FE Section 3 (including face of 
superstructure and guu tubs), section 
4 (boat deck) 

1630Sumeyed Sections 3 and 4 

0830 

1600 

0830 

1530 

20 CS and FE Section 4 (r&t portion of 

20 

18 

boatdeck, starboard‘b&eadapd 
gutters), section 5 (bulwarks, aft 
bulkhead of superstructure, mast house 
and Noe 4 hatch canbing), Section 6 
(bulkhea 

T! 
f after deckhouse). CS azad 

6oWm#Ja ColtIpanionways, 
Be@;snCSandFHonstack 
Surveyedallbutwheelhouse 

CS and FH Sections 5 end 6, Section 
3(fVd deckhouse, flyiagbridgeand 
face of s~erstructure), Section 4 
(stack and wheel. house), and colgeanion- 
wa;lrs* FH flushed Section 3 and 
c~aniom~s. 
surveyed sctions 3, 4, 5 aad 6 

Resurfaced boat deck and 
wood chips off main deck 
Surveyed entire ship. 

Fliflushed 

c.5 P-Hs 

'... '\ 

Pi-s c.6 through c.16 are a series of photographs showing equipment 
and various phases of the ship decontamination studies. 

. 
: ..: 
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Figure c.6 Forward deck we8 and flight 
brjdge, YAG 39. Note numbered crosses 
monitoring etstions. 

deck 8s eeen from 
fixing position of 

Figure C.7 Bat deck aft from starbmrd ekde, YAG 39. 
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Figure C.10 Hose team washing deck of YAG 40 (Shot 2). 
'. Note plastic suits. 

FQgnx C.ll Dr.? mounted 12'jO-gal/hr sellers unit and 
hand held delivery lawe. . 

359 r. 
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Figure *:.12 The 6,000-gel/hr Sellers unit 

Figure C. 13 Tumet nozzle used in conjunction with 6,000 
gal/b Sellers unit 
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Figure C.15 ELIdeon portable spr8glzg rig UQ8d in applying 
cauetic *pint stripping solution. 
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'Figure C.16 Termant floor rmchine and hand held Aurand 
resurfacing tool0 
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There om a nmbw of mcontrollablc variabl.er that should be 
mmt!oned in diecceeiw the detontamimtion effectlren%es obtaindl 
from thee% teeta. These vartablea made It lmpoesible to have eirailar 
aate or conditions ror all teata and should be kept in nlnd when COB- 
yarlng r%auIte. Gne ¶a tha initial level or contamlnstlon. lC0 attempt 
hss been EBB% to eoxpam tke rresulte on the baefs of hleh or low initial 
contaainat?on. However, the llexults obtalned from the atmmft us tb 
wrsshdcnm ship are consfdered sepmtely froe~ the remulte obtaimd fm~ 
the aircmft on the nomsManm ahip. 

A second variabl% ir the tm of contamlrnmt, Althawh all the 
ehots vex-e vater-surface onea, shot 2 wan detonated in ehallower water, 
and the mllout probably contained coral or bottm materlab, an %videhc%d 
by patch88 of a white chalky st;bstance at rarfous lacatlonr on the ?AG 
10 a ircra?t . It is not known vh%th%r thla appar%nt difference In ?h% 
content of the fallout affected its earn of r*esoval or the %ff%ctfvemas 
of the decontmination wstthods. 

Do attempt WIN rnrde to correlate decontanlaability W,WPIUB t?orsa 
aftor Bhot; Initki decontamination efforto on the differnat ahota vere 
begun at %, 76, and I.23 hr after ehot time (Boo Table 0.9). me data 

. iros thle project did not indicate whet&r t&e time of decoutmimtion 
after ehot affected the ability to mime the contaminant. 

On 80~~3 daye the beta and gmma survey rerrdlnge w3m not taken 
either before or after a decontamination effort. In these case@ a 
number was obtained by taking the laet prior reading and deceydnp: to 
the proper time through u&e of decay curves. If th% ~~ieei~ readi~% 
were after a decontamination errort, the numbere vere obtaimd by 
calculating: the rev%ree decay from the folloulng day’e r%adin.gi, prior 
to decontaxination. 

The fixed gaxcm recorder, vith its station in th% cockpit of the 
afrcmft, vas etarted befox% any decontamlnatlon wae begun and was run 
continuously u=ltil after the final decontamination wa% coxplet%d. Thle 
im:rment gave a complete gamma record for each aircraft. Only the 
result8 from th% aircraft aboard the YAG after Shot6 2 and 3 were plotted, 

. 

4 

bccauee the level of activity oh the other 
it. 

Ro decay allowance wae calculated for 
operation on each aircraft, except in data 
For all decontamination calculations after 
were decayed to the mare& half hour. 

The full extent of the effects of the 
mtlon efforts is not known. Many showers 

363 

&lots tsae too low to warran% 

th% init lal decontaxloat ion 
from the fixed mmm mcorder. 
that, the proper nadings 

weather on the decontmi- 
and rainstorm8 betveen t3hot 
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fbe cp& the caeaplettan of the dacOntAdn8tiOn 6ffCWtr tiOUbt6d~ 
wa&od oft ~a86 of the eontmtEh8Et. &%a z=fnstarrP :a pfw’ti~cubr 
OCCUR betxesn shot 2 ami Elm inftferL deccmtamlrratim effort md 
gwwlted in a fJO-sr/kr (about lOlymrs6ot) *%buctim in doee rate on 
the fixed @mm6 r6ctisr. The perceri*~m cf ccmtminaatresm6duas 
not coneider& eufflclsnt to Chcnini36 ?A6 C&m. “:catIozJ of aIrcz6ft on 
ths UC 40 after Shot 2 frm Condition A to Condition 8. Other ehouere 
ommred be&mu am? between aIrcraft decontmainstlonr procedursc but 
vbxw not of eufficlent Intenefty'or duratkm to emme on emily idextl- 
fIed redcction In do66 XFAt6 On th6 ,biX6d ml5iS l-6COd82’. 

Other vrPrirr%les th&t probably effected the mvultr ?mn th6 
pereonn61 taking Oh6 r6gdIw?s aad th6 6um6y fnetrumnts u66d. Mmt 
of th6 monltore V6r6 66Ilorr Who had b66a RiV6n 6 f6W hour@ inrtrUct- 
ion in a &mrlarC;tted teehnIqu6 of monitoring. tJzdo~:btedly, mm msjt 
haws dtwloped different techniquer with the cux-w~ dnstrummt~ which 
would #iva a rarL%tion in the msdlngs. Aleo, eince th6 eurvef inatnr- 
asntr vere used fnterchmgeabl~ during deeon?muInation opemtlozm, even 
though th6p ~62-6 calfbmteb perbodic6lPy, thin probably lntrodtmd 6 
VWi8bl6 iQ th6 XV36dbXl@6. 

The pdnt6d 6twfBc6e on th4 alrmmft Vera ~narally Pn f8ir to 
pooE coladition. The alrcmft had pPleriourly be+n ia aersica rlld ware 
notsp6clal~~pmmMl or othervi@B psaprsd torthir operatlcm. IDorao- 
eyew# theyhad beeatrtmtedvIth'Pgrp6C pr666rvativ6b6forabeI~ 
transported t0 th0 Ofte, aad ft VI6 IBBCUS6W3’ to U66 ati to rS_ 

thi6 pmservaffw. 'Pfble cferanlng with Our& also smow+d the oil, gmma, 
and IndurtrIal fibi usually found 0-n qmaating aircraft, lciaritiig an 
unuetally clean surfuc6. OrdIniarIly, thlr VIZ cmd g~*ssrser would entrap 
8 larger amunt of contaminant than 6 clem sdurfaca, but the oil and 
gr6asa glue th6 conWmnt IO rammed by decontxmInrrtIon. 

%iU6, th6 poOr COXiitfOn Of th6 p!Bint On the aiTcHU't UT&6 IBOre 
than ccmpcnwted fur by the clean eurI%c~, and the decontmainutioa 
rerultr should b6 more eff6ctiv6 tier normsl op6mtlng coxxSItIons. 
%!hiS C~C~ueIOn Ie bawd on 8 CCBparI6On betwean the decont.mufntstIon 
Of th@ Bipcn%ft er;rfacso ati tha teet platw with new unweathered 
WrfU68, which irdicated that fir6 hosrim or hot-liquid-Jet vashI= 
Iswed about the mm6 pwcmtage of cbntaminmt in either cam but 
that ecrubbing with dat6tqent or Gunk wa6 mom affsctiw on the test 
platee t&n on the airczsft. 

D.2 COMPIIATIOR OF ?IEXJJ DAm 

D.2.1 l%%terial Damge Data%16 of th6 sPrteria1 damge lnepectlon 
are given fn Tablee D.l th&gh D.8. 

D.2.2 WaflhdaSm ??ff@CtiWSB386. This section Includce the detailed 
informatlon (FIgurws D.l through D.13) st early times (4 0) of both the 
dose and the dose mte that MB wed, partIcul.arly In determining the 
waehdawn effectivoneee. Th6 InferEk%tion ie correkted for the cont8mI- 
nation ratios deecrlbtd in Chapter 2 vhen applicable. 
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m&as wrmp Data (Aft&) 
1. Siallw todatatsken(Defom) 

acepttlatthelert~to 
vurargh. 

(a) AU m&ngs taken at fhll-rich poritioa. 

‘MBIE a.0 NA’IZRUL DA&&E IlWFECTZoII PXAR ARD IliW_E.‘K 

‘ship w&G40 PllmeNo.8xm 
mteelldTImeoz~~tlm 2MeY~ore)crndl - 2hot+Moy(After) 

EcterialorArea&epected 

lbglne Rarmp D&h (Before)(a) 
1. HPH 

Radiocheckedout. 

2ustvaseTidentcnlunpalnt&?d 
ferlwuepetdi. 

WlnelockIwplnhousiwswemin 
the 6eae condltlonas befom 
ShoL, 4. Thy were pecked 
wlth~eaibefore the teoL 

Piadibfia 

3.mluIifoldPmesure n in. 
4.ouTeiQ@emtum 
5.Fu.LFTeseum i?:b 
6. OllFressvze 78 UJ 
7.vo.lta3e 
8.2ydrao~c~rssura YEO"E 
g. &i@Iet.o ravpoif 

A. Left Cutout 
B. wghtcutout 

adLocheckcdout. 

orronlonvMevidentarthe 
8@eslrm!uheel.s. Nodauu@vas 
videlltont&iu~lockingpin 
=siagr* 

(0) Au w +&en at full-zich position. 
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FI .gure D.1 Gamma doee rate at fixed ga?zma stations aboa 
YAG 40 after Shot 2. 
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i 

Figure D.2 t%mna dcee rate at fixed gams stations aboard 
YAG 40 after Shot 2.. ’ 
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TIYE AFTER 8URSl (HR) 

Figure D.3 Gama doees at fixed gamma statione aboard the 
ships after ehot 4.. 
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i.a 

100 
TIME AFTER BURST b,R) 

Figure D. 4 Gamma dose rates at fixed gamma stations abo-3rd 
YAG 39 after Shot 4. 
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Figure D.5 Gamma dose rates at fixed gamm station8 aboard 
YAG 40 after Shot 4. 
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Figure D.6 Gaumc dose rates at fixed gamma stations aboard 
YAG 39 after Shot 4. 
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.gure D.7 Gama dose rates at fixed gamma stations aboard 
YAG iho after Shot 4. 

ARECTEO FOR 

NTAMINATION 

TIME AFTER BURST (RR) 

Figure ~~8 c3tmaa dose6 at Plxed stations abomd ship 
Shot 5. 
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Figure D.ll Gexma dose rates at flxed ~angg~ .x*s_k:ons 
aboard YAG & after Shot 5. 

-.. 
TIME AFTER BURST tHR) 

Figure D.12 Gsmna dose rates at flxed g&ma stati 
aboard YAG 39 after Shot 5. 
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Figure D.13 6ama dose rates at f3xed gamma stations 
aboard YAG 39 af"b?r Shot 5. 

D.2.3 Decontamination Effectiveness2 This portion of the appendfx 
includes not only decontamination operations, decontamination effective- 
ness, and time and manpower data but also the estimated naterials 
requirements for the various decontamination processes used in this 
test. 

: 

Figures D.14 through D.17 give the flow charts and basic equipment 
and materials requirement for the decontamination processes used. 
Figure II.15 shows the portable pump used with the decontamination by 
firehosing at 100 psig. Table D.9 gives the decontamination sequences 
and time after shot for all the decontamination operations. FiguZW3 
D.18 through D.29 are graphic representatlohr, of the decontamination 
effectiveness of the aircraft operations. Table D.10 is a comparison 
of decontamination effectiveness results from the aircraft and test 
plates. Table D.ll‘ is a comparison of the decontamination effectiveness 
of the avereze gamma survey meter readings versus a high initial read- 
ing and a low initial reading. Table D.12 is the detailed time and 
manpower studies for the decontamination operations. 

D.2.3.1 Estinrated lv'aterial Requirements for the Different Decon- 
tamination Processes. 

1. Firehosing, salt vater 

a. Single nozzle 
100 gpm or 6,000 gal/hr 

375 
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b. 

2A. Eat 

8. 

b. 

C. 

4. 

2B. Hot 
ior 

liquid jet with ealt water, hnce rate 

salt water to unit, '850 e;al/hr 

Yreeh water (&earn generation, 100 gal/hr) 

Salt water (detergent solution) 50 gal/hr 

Detergent (C-120) 100 lb/hr while washing 

liquid jet with ealt water, sotimtted amount used per hour 
hot liquid jet only, no ecrubbing (50 percent detergent, 

50 percent rinse) 

a. salt water to unit, 850 &/hr 

b. Freeh water (steam generation) 100 gal/hr 

c. salt water (detergent solution) 25 gal/hr 

d. Detergent (C-120), 50 lb/hr 

8. totals, Salt water, 875 gal/hr 
Fresh water (ateam), 1~~~ ~l/hr 
Detergent (C-120), 50 lb/.- 

3A. Hot-liquid jet with freeh water, base rate 

a. Freeh water to unit, 850 cjril/hr 

b. Fresh water (eteam generation) 100 gal/k . 

c. Fmeh water (detergent solution) 50 gal/hr 

d. Detergent (C-E?) 100 lb/hr while washing 

e. Total, fresh water, 979 galfhr 
detergent (C-120), j0 lb/hr 

J&A. Single scrub, with hot-liquid-jet fresh-water rinse, 
base rate. 

a. Fresh water to unit, 850 gal/hr 

b. Fresh water (&earn generation), 100 gal/hr 

C. Fresh water (detergent solution), 100 gal/hr 

d. Deterbent (C-120), 200 lb/hr 

375 



_-i-y- , 

4B. Single scrub, with hot liquid Jet freeh W&BP rime, estimated 
8lWUXitS used perhour. Ratio 70 percent ecmxbbin& 30 percent 
rinse. 

b 

* 

P 

. 

l 

L 

6!L 

8. Fre8h water to unit, 255 @&hr 

b. Freeh water (steWi @.W=tiOII) 30 F&U’ 

C. Fmeh water. (detergent solution), 70 ml/hr 

d. Detergent (c-120), 140 lb/hr 

e., Totale, freeh water, 355 ml/hr 
detergent, 40 lb/hr 

single scrub with hot-liquid-Jet salt-water rime, base rate 

8. -It water to unit, 850 @&IT 

b. Fresh water (stem generation), 100 gal&r 

c. Salt water (detergent solution), 100 gal/k 

d. Detergent (C-120), 200 lb/hr 

Single scrub, with hot liquid Jet salt water rime, aetfgstd 
amounts used per how. Ratio, 70 percent eCrubbin& 30 per- 
cent rinsing. 

8, Fresh water (steam generation), 30 gal/hr 

3. Salt water (hot liquid Jet), 255 gal/w 

c. Salt water (detergent eolutlon), 70 gal/& 

d. Detergent (C-120), 140 lb/hr 

e.. Total, Fresh water, 30 gal/hr 
S8lt water, 325 @l/hr 
Detergent, 140 lb/hr 

Single scrub, with Gunk, followed b,v hot-liquid-:et fresh- 
water-with-detergent rinse, followed by clear hot-liquid-Jet 
freeh-water rinse, base ratea. 

8. Gunk, Spl’~sfWx, 30 gal/b 
Scrubbing, 10 gsl/hr 

b. Pierosene, Spraying, 240 galfhr 
Scrubbing, 80 gal/hr 



*_ . 
c 

c. Fresh vater (to unit), 850 gal/hr 

d. Freeh vaster (steam generation), 100 gal& 

e. Fresh water (detergent solution), 50 gnl/hr P 
f. Detergent (C-&20), 100 lb/hr while washing 

_ :.__ 
Single scrub, with Gunk, followed by hot-ltquld-jet treeh- 
water-with-detergent rinse, followed by clear hot-llqvld-.jet 
PPzeh-water rfnee. EMIlrated 10 percent apraying Gunk, 60 
percent scrcbbing, 15 percent detergent rinse, 15 percent clear 
fresh rime. 

! 
..) 

i 

a. Gunk, Qmying, 3 ~fal/hr 
Scrubbing, 1 gal/hr 

bmber 

1 

Tiprr&tCZ 
faot 

3 

Tlae after 
shot 

4 

Timeafter 
mat 

5 

Tburttcr 
shot 

6 

Hot-liquid 
Jet 

Fire boor scnlhvltb 
detageot 

1.26 x/2-xi9 i'+Q 

s!s!oh vith 
detergent 

la8-J-30 

kit-liqufd 
Jet 

147-154 

sczubrlth 
detagwlt 

173-176 

Scrub with I 
detergent 

t ._ . . 

-=-I--- . ’ 
. . -. 

1.‘ 
Scrub vith 
detergeut I 

Time after 22L-224 
shot 

CQNF!D%ti’flAL 



aotb ~ecrmrt I 23 I n I 50 I lb I 44 
Y.Atl& 

mrt Plmteo I 8 I 92 I4 54 l4Q 
Decon.Mm.hui Itick Liatid Jet IScmbv:th Detarmnt -1 scnlb vith &Ytexeat 

skot5 Alrerart 32 60 37 u 14 42 
no40 2 tot Liauld Jetr 

TemtPlntu~ 26 74 76 la P 14 
f)acouktbJi 2JUeboairr&B~t1OOZb/ &mbvithDetargent &.n&vitaDctc~nt 

I oa3.n I I 

Test Plate 25 It% I 75 n 52 lo -- 

'KRBIZ 0.11 DECCNWaHIXATX~ WFXCTIVXRXSS - CCMPARISON CFAVXRACX! 
TAO LO AFTER SXOT 2 VEE IUS LOCBTIOX 40 (EICH TXIITZAL) VENJ! 

lwmagr I ikeLa?@ at IGca- 

PtIXDIRCt FOR APCtWT ABMP.D 

XATIGIl ?o (Icfd mrmr,) 
-xL?at1ctl20 

tnhoiml eule of left wl& 
itbe codqlt,&ee.P&. 

Qfcctmalnat1on 
rrrd-=--- 

tioa 
After 2nd deeon. 

maccsy 
2Aprfi-Btiozr 3n-l. 

DeCOll. 

By decontamlnatio 

wter 3rd Ywxm. 

II By Delion~tlo 
AfUr 4th I?ecou. 

ta) Readings were h 

: 
. 

h t+riwYed 
m =b M a 
necca. Decay mcon. 

1% 3@J 
14 

8*0/O 

8 30 

36 
6,m 

55 
2mo 

3 

2,72a 

28 26 
2,aOD 

3 

1,930 
27 33 

1,300 

. 
d 

‘s .‘ 

- 

. 
. I 

see Pig. Pe30. 
n.30. 



shot 5 
Thcba 

. 
2nd IUJ 37 39 6OBlO-5O~C 2 b 16 l,m 

ILU aal double 
1,000 

3fi l cmb with lb 16 73 l II-50 WC 2’ 7 lb 1,6a l,QOO l-SU&Wtimr 
CeterEsnt l-eati=mst~ntm 
Huaid2 

4th double scrub 20 9 U5 an-36 ate 

(bj Averagc lr obtalncdbydl;ldl#qby 3beewrel~o~Sl~V~~~d~athe flrrt 
vub Md ZncttlaBMF+ used oat&l rcrmldmah. 

(c) IRJ l taada for hot-liquid jet. 
-. 



._ 
‘s. 

‘. 
: I 

. . , 
j 

__ ,_ _, _ _._.,,rl.~~~.mX.-‘~ .-a- s..e.i-. rl-.-w-e_ _ 
_-__ ._-..__.-_. _ 

. 

-: 
,’ 

. 

‘\ 
‘r 

.\ 

. 

, 

) 

,/ 

: 
) . 

, L. 
a 

SALT WATER I80 FT - 4 IN. 100 FT - 2; IN. 
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f 
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EDUIPMENT USED 
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Figure D.14 Equipsent hookux~ for firehosixg with 
salt wtder. 

l?zI,gure D.15 p-500 punq, used to boost the water preseure 
to that necessary for firehosing. 
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170°F TEMPERATURE I HOT LlOUiD JET LANCE 
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Figure II.17 gqtip=nt hOOk%lp for hot-liquid-jet wmh 
with fresh water. 
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b. Kerosene, Spraying, 24 Rerl/hr 
S&rubbing, 8 @l/hr 

c. Freeh water to unit, 255 gal/hr 

d. Fresh water (steam generation), 30 gal/hr 

e. Fresh t&er (detercent solution), 8 @/hr 

f. Detergent (C-120), 15 lb/hr 

8. Totals, Gunk, 4 gal& 
Kerosene, 32 &al/hr 
Fresh water, 293 gal/hr 
Detergent (C-l20), 15 lb& 

D.2.4 Comparison of Beta and Gamma Data. Gamma readings were 
taken with a fixed gamma recorder and with the ganreer survey iretruments. 
A cotiparison of the reeults of the decontamination of the airczMt on 
the YAG 40 after Shots 2 and 5 obtained by thsse tV0 nM+thade are given 
in Figures D.30 and D.31. With the exception of the first decontamina- 
tion on the aircraft after Shot 2, the result6 obtained by theee two 
method6 correspond reasonably close through the entire decontamination 
efforts. 

The close check of the results percentage-tries from the gamuz+ 
survey instruments and the fixed gamma recorder shows that either 
method gives reliable and reproducible reeults. It must be remexibered 
that the gazza-survey-instrquent readings are the av31xq33 of !jG or more 
individual readings taken all over the aircraft surface, rrhile the fixed 
gasvna recorder data were obtained from a single instrument, located in 
the cockpit of the aircraft, which transrcitted the data to the recorder 
located in the tent. 

The discrepancy in beta and gamma percentage removal led to a 
further investigation of the ratio of beta survey reading8 in micro- 
curies divided by the ~~ICUB ourvey readings in milliroentgen per hour. 

The test plate data from Shots 4 and 5 were used in thi8 study 
because the gama% readings did not have the high background readings a8 
was the case with gamma Peadings taken on the aircraft. The data in- 
dicate that beta and @mua are removed at about the cane percentago 
rat3 when the decontamination method ie firehO8ing or Mrrhing with the 
hot-liquid jet. When the decontamination method ia scrubbing with deter- 
gent or Gunk, the percentage of beta contaminant removed 18 greater than 
the percentage of ganrms contaminant removed (eee Tables D.13 and D-14 
and Figure8 ~.32 through ~.36). 

D.2.5 Contamination Distribution. 'Beta survey8 were r?ade on the 
aircraft aboard the YAG 40 after Shots 2 and 5 to determine the coatami- 
nation distribution. See Tablea D.15 through-D.17. 

The exact location of each monitoring location is shown on the 
aircraft diagrams; Figures D. 37 and D.38. The numbers which are under- 
lined were used only on the aircraf't aboard the YAG 40 after Shot 2 to 
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designate monitoring locationa for the initial beta and gamma eurvey 
while the aircraft wae still OII the chip. Imbere not underlined 
indicate the monitoring locationa for the d6tailed ourveye which were 
taken after both Shote 2 and 5. 

lNiIIID.13 BETA ?OCWMRRATICB ('1 FOR TeSTFIATEl OR YAG~OAF'KRSBQT~ 

ROtebE salt Ger at 20 usi 
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Roccss Salt Water Rinse tilt Water Rlnee Salt Water IUn6e 
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Germa x4 16.2 -2.4 1E.2 g.6 16.0 a.6 5.8 LO 
natio 1.95 2.47 2.56 2.59 

;.g . 
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Z:iif 
2.21 

Aversgc 2.33 

(a) iwlo Of Beta (pc)/GaIaba (mr/hr). 
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;;i 
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Gealsm 304 432 348 352 k4 
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79 90 7a 
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Averwe 2.88 1. 1.78 
lkcon. ScrubbLngvlth Scrvbbingvith I 
Process SW Rinie SURiWi 
Eza262 660 940 338 8-i 3l: 390 158 :zz 240 60 
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Average 2.70 2.14 , 
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E.l FLOW STRUCTURE 

In this treatment of flow structure, consideration is given to air- 
flow characteristics in the ventilation and boiler-air systems, as well 
as the auxiliary parameters, temperature, 
iit8tric pressures* 

relative humidity, and baro- 

&J&L &?&flow Characteristics. Primary constituents of the ventil- 
ation ducts are summarized in Table E.1. 

Airflow-voluma rates in the ventilation ducts on the TAG 39 and 
YAG 40 w8re determined prior to the test from measurem8nts made with the 
sampling cones in p1aC8. The flow rates were derived from nitat traverses 
where the velocities at a series of Position6 across a centerline in on8 
plane of each of the ducts were measured as velocity pressure (inches of 
water) on an Ellison Draft Gage. Corrections for the local temperature, 
pressure, and humidity were made from a table of velocities of air at 
standard temperature, pressure, and given humidity versus the veiocity 
head in inches of water; the flow rate was determined from the kn,lPm 
cross-sectional area at the pitot traverse0 !f’ravercse stations were locat8d 
downstream of the combination heater,, 
shown in Figure 6,& 

met location of pitot tapa were 
The parallel plate structure of the heaters acted 

as a flow straightener. Three pitot taps were set 6C" apart from each 
other around tha circumferences of the ducts to provide an accurats three- 
dimensional traverse of the flow contours at each station; however, two 
traverses per station were generally sufficient. Air velocity contours 
for each of the six systems are shovn in Figure E.l, 

Each system had been balanced to obtain appr=imatoly the desired 
flow rate prior to the flow determination. Balancing was done by in- 
serting orifices in the intake duct ahead of the wye branches. The flow 
rates are given in Table E.2 

-Inuring each test the flow rate in each ventilation system was checked 
for variation from that in the calibration run with a Hays recorder, which 
gave a continuous recording of the static pressure differentbl between 
two static pressure tape. It may be noted tkmt three static taps are 
shown for the various systems in Figures 6.4 and 6.5; the two taps that 
gave the maximum scale reading within the limits of the pressure differ- 
ential recorders were selected from each system for cozu?action to a 
recorder. In general, flow vas uniform througn each system, but vari- 
ations from the calibration run were observed. Variations from the cali- 
bration run are given in Table E.3 

The Westinghouse precipitron was installed on board the UG 40 09 
one of the ventilation cmntermeasureS to be tested. The installation 
was made by the ?&x-e Island Naval Shipyard according to the 



, 
.c. - 

b -< 

/’ 

:’ 
/ 

/ 
/’ 

L 

/ 

/’ / 
,; : 
Ai’ ,, 

‘. .4 
/.” ! , 

,,I 

,/*J( 
: ?.> / 

,,/ 
‘/ ’ 

TABLE lz.1 SUWT OF VENTILATION DUCT CONSTIWDITS 

Ihb?t otifor 
ventr Cubicle Vt0.l DuctJxwleturqvh1cb 

Intake Exhaust Tea Thic&-,IntakeE+uatDer~ 

CotzAitla 

Yk4.0 

Ccdltia 

l240 

Coaditia 

a0 

cast ic 

240 

CoaditA 
Vi, 

lx040 

~&rt%ted) &rated) 

2&f 

26% 

26M 

244 

26f4 

26M 

26M 

26n 

26x 

26n 

2&l 

26n 

26H 

26x 

mush- 
roa 
ait@ 
10 

mush- 
- 
si8e 
8 

munh- 
rca 
aire 
10 

much- 
roan 
aize 
8 

mush- mu&- 
rpwR fTxm 
si8c 8iK 
10 8 

alusb- 
roam 
ai86 
10 

mush- 
lDam 
sire 
8 

mush- 
a. 
size 
a 

msh~ 
roc& 
mite 
?O 

musk- 
- 
size 
8 

muah. 
roa 
size 
10 

IllUSb 
- 
eite 
8 

r-in 
liffuser 

I-h. 
lirfuasr 

r-in. 
liffwer 

I-i& 
unser 

7-in. 
Qiffum 

7-in. 
dlffue 

i 

i I 

i / 

b 

i 

b 

L 
h 

670 

(a) Ihzt material vaa gelvaaized steel. 

bpecifications from the Naval Research Laboratory; a Restinghouse rep- 
resentative checked the installation. Rior to departure for the test 
site, NRL representatives made final modifications preparatory to the 
field tests. 

All the available data on the operation of the precipitron ere in- 
cluded in Table E& 

On reboard~g the ship after 27 March 1954, one filter was removed 
and read with e TlB on board ship in e background of 25 mr/hF. The 
reading was 30 mr/hr; so the filter was replaced, since this reading WEUY 
comparable to the background and there was no dirt visible. The ma%imum 
reading on the outer housing of ths precipitron was 500 mr/hr, with an 
average of about 300 mr/hre The average reading along the interior walls 
of the precipitron housing was about 35 mr/hr, though the extent of +he 
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TABLE L.2 noA RATS t?tRWCH THE DUCTS 

--. 

7. - 

.--. 
‘::‘. 

’ 
_ 

p. ‘- // h 

.’ 

Mf28sur~ 1,’ 

Cubicles 73 Velccclty Ahact L'ia. Flar Hata 
_ ft nin (in.) (ml) 

: 
Condition 1, YAG 40 
Condjtion il, UC 40 9% : 

63 

Condition 111, UC ti 
, u3 

6 
Condition lV, YAG &J G&9 
Condition V, YAC 40 2,732 ii 

la29 

l% 

-. 

Condition VI, WC to 
2% 

9.5 . . . 

Coadltion llA, YAG 39 8 801 
.-: 

(a) Vales c orrected to tk r0u0lriag conditions: 
cubicle tcmpcraturcr, 81.5O to 87Op 
barometric prerrurc, a.42 to 29.70 in. or & 
rehtlve humidity, 7r( percent 

:a 

ccbatrihition to this reading from the activity on the exterior of the 
housing is unknown. 

E,l,2 Baiter-Airflocr Chsmcterist&, Four pitot taps were spotted 
eround the perimeter of each boiler air duct 38 in. ahead of the exps.nsion 
section above the forced draft blower. These taps were stationed to pro- 
vide four traverses at 450 to each other in each duct for each dial speed 
of the ship; however, only three traverses per dial speed were made on 
YAG 39. Spce 1Wtations prevented the straight section ahead of the 
forced draft blower from being more than six duct dimeters In length. 
?&e requiremnants of flow messuz-emerst were compromised still further Iqy 
the sharp turn of the airstream upon entering the blower ho-zsir?g, Flow 
straightening devices were avoided for fear of inserting too q non- 
typical_ deposition surfaces into the airstreame Nevertheless, two guts 
of turning vanes were 3nstalled --below the simulated armor grating and 
in the elbow at the top of the intake duct. 

Pitot traverse plots are shown in Figures E.2 and E,3. The patterns 
sre irregular, but they are superior to those availatie anywhere else ia 
the boiler-air systems. On the basis of these measurements, flm rates 
at various dial speeds were computed (Table E.5). The ships' speeds 
corresponding to the various dial settings are not accurate. They are 
expected values since no calibration was made. 

Pressure differential recorders were set up to record the dff'ferences 
in static-pressure drops between two taps located beB +en the uptake 

TABLE E.9 STATIC IWSSURE DEVIATIONS FOR SHOTS 2, 4 and 5 
-a -- 

--=I 

-- 

Conclition 1, TAG @ 
Condition II, TAG 40 
Condftion IV, UC Qc! 
Condition v E&G LO 
Condition Vi, YAG @ 
Condition SIA, YAG 39 

(4 Ho floe 

1.022 LODO 
O.gr5 O.%O 
0.952 0.965 
O.%S O.%S 

100 
'*3?, a:% 

409 
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DatQ Time 0r SEnllative 
Obeervatlar Arc8 

27.Jan.54 o&o 18,746 

29 Jan. S'+ lk35 19,242 

16 Feb. 54 0739 25,960 

16 pub. 54 1445 26,=9 

16 Feb. 54 1515 26,129 

16 Feb. 54 X610 26,129 

ilz Feb. 54 0314 26*x@ 

22 Feb. 54 llC0 26,=3 

113at.54 0330 28,056 

n ms 54 0305 zg,OD 

26Apr.54 0240 L#So4 

5-54 0215 32,504 

30-54 0900 32,5dc 

-7 

WILE t.4 PRESIPBftOI OPERATIOS 

- 

i 

1 

-- 
Arcs Since 

I&at 
oboervatia 

4% 

6,718 

169 

0 

0 

659 

40 

1,228 

Yl5 

3,473 

0 

0 

_- 

221.6 

248.9 

301.1. 

309.2 

309.7 

309.6 

328.4 

336.2 

347.9 

395.8 

660.5 

754.9 

812.1 

*rat* 
TJme 

limo IA& 
baervation 
chr) 

7.3 

52.2 

7.1 

0.05 

o-9 

18.8 

7.8 

ll.7 

47.9 

a.7 

84.4 

57.2 

At end of washLog cycle. 

Cleaned on 15 Feb. 54 

rhri~lMtdrynal 

Afterdrynm 

Proclpftron cleencd prior to 26 
April but filters not chao~ed. 

epac~ and the forced draft blowers of the two test shipe. Both re- 
~;i-ze \SP. YAG 39 and UG N failed during Shot 5 and that on YAC 39 
fla& : durL_g Shot 4. -From the remaining records the average flow rates 
in Tab16 E 5 wore derived. It iriuat be noted that these value8 apply 
only during x,he time the power-driven samplers were operating, s3nce the 
preasure4ifferontk;l recor+rs wPre on the same time? circuit as the 
sarapltig instruments. 

Air velocity measurements were made at a3.r s;Pmpler stations in the 

; 

_ - 
.' 

combustion air ducts of YAG &O to PA..:*, adjt.?tithlL>t oi +.hose Wit8 to 
isok%netlc flow. A single velocltyq+ressur? WC~*LUWWC+.'~PL~~ made at each 
station just ahead of the cone intake. Table b.7 presents the results, 

TABLE:. 5 BoIURAI~CMRACTEUSTIcS FORI;O 399 TAG&l 

x4040 Y.Ao.39 

Dial @a4x!dJa) ship’* 
Maia Air 

FlarRati. Dl.alSpcedr(‘l) Ship'o -Air FlovILts 
orsettlnga speed 

(ham) 
;$zJ (cfa) orsettln&n 

rizz% YT ft/min 
(-4 

4 6.7 592 6,560 4 6.7 806 8,950 

6 8.9 730 t3,lCO 6 8.9 940 10,420 

0 u.0 903 10,m 8 Il.0 1,Om lwCC 

(a) speed ranges in which the ahips could operate vere detemlned by 8 throttle oettioge. Dial 
speeds 1 to 8 were available but principal operating ~ptcb4 ueed 6&tia@ 2, 4, 6, and 8. 

CBNFfD%NTIAl 
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Figure E.2 Pitot tr-averees Sn boiler air intake duct of 
the Y4G 39. 
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_ 

(a) ma f011ov1ng uru!apt1oM3 were de: 
(1) Fiotb rhigr stayed clone to@ber during Shots 4 

cad 5; therefore, they rut-have been opanting 
rt the amae 6peedo. 

(2) Bo~_e~i~~emd at dial 6 or dial 8 during 

A coabiMtion or the abcwu Mruw@lonz and the 
approxirta ratio of 1.3 betveea tbe one ca&.ete 
flou record Of uo 40, Sbot 5 pro&uccd the rrked 
VuuQm. 

ords were made of the temperature in the ventilation test cubicles, at 
rm;;Qt stationa in the boiler air systems, and at weatherside sampling 

Theae data are given in Table E.8, together with meaauremente 
of relative humld2ty a~16 baroasgtric pressure. 

. 1 - _._ 

_I , 
E,2 INSTRUIkXKTATIC'!? DETAIIS -.I. 

, 

:, 

Details of the air aamplkr, particle collector, and suet&n tlnit 
togother with a discussion af their operational timing and perforovttncd 
am giml in this section. 

-. 

&22 Ah--S-de- n-dm, ~=z~-zLz_. The coatd~u~ afP sampler used for this ,-i 
investigation was required to operate under the following cotditlonst 

. (1) where there were ambient air strw velocities ranging from 0 to 50 
j% 

L ft/sec; and (2) where there were ambient temperatures ranging from 60 to 
475OF. 

,\ 
. 

-_ 

In &ditlon, the sampJer was designed, a8 closely as possible, to: I 

(I) collect fsokfn te 
‘:, 

e &c samples whenever sampling a moving air stream; > 

(2) @ample continuously at a constant V&IXIIS rate and constant filter 
paper speed for an 8-hr period; and (3) sample from a wet or dry atmoe- 

., 

phere* 

TlBLE E.7 AIR VQ.OCITIEs AT SAPLING STATIC!1S IN TAG A0 BOILER AIR 
SYS’ILpt 

speed6 at DiRl settings (f-t/lnlIll 
4 6 B 

Inductbamsth flddley space 859 1060 1551 
‘\ 

star~vindbox dmmstrtllm 
of forced dra% blmer 

694 css I.266 
., 

; A.3.r duct connecting wadboxer 6~4 1416 1602 

Top of bxck _ _ 630 
.- 

,- . 



TllBLE E.8 TEMPERATURE, HJUDITY, AAND BAROM?ZRXC PRESSURE Yus- 
mRTHiEEs!tJTs 

XAG 40 

Tcrp of deckhouse 
condition 1x 
caxut1cn III 
Condition IV 
Ccudltlon V 
couiition VI 

Between botlers 
Pidley space 
StarM windbw 
Port wlndbox 

.Ahead of forced 
draft blower 

sbfktop 

Eeatberaide 
relative 
hunidity 

Weatheraide reb 
tive humidity 

Bsrcme~~. 
Presmre (in. of Hg) 

Condition ISA 

Betvecn boilers 
Ahead of forced 
draft blower 

Tap of NO. 2 
kinmost 

130 
330 
utl 

UO 

90 

9@ - 

77% 
xeaalng ma.ing 
not t&en not taken 

29.5 = 29055 m9.x Ekeding not 
2p.25mi1-1 28.95mln ava1labl.e 

I 

The instrument consisted of the following basic elements, '(1) e 
coneshapgd sampling inlet designed to allow isokinetic ssmpling whfle 
reducing the samfling velocity to a desired amount through the filter 
papsr strfp; (2) a feed system designed to pull the filter-paper strip 
past the sam@lJing port at a constant speed; (3) an airtight case intended 
to prevent interzal contamination and to rmit no other flow into the sass- 
pler ~xoept tbst through the cone; and (4 Ye a suction unit (Ek.+fei*ence 17) 
to produce constant volume rate sampling through the filter paper. 

;; There were two msin types of sampler, hereinafter referred to as 
“long” and "short" smplers. The former were designed prismrily to 
operate a& temperatures above lOOoF in the boiler air systems and the 
latter at temperatures up to lOOoF in the venti&ttion systems (Fim 
LLL Both types contained the same basic mechanisms. 

The ssmple inlet was the smsll end of a 5.13o total. angle diffuser 
cone desfgned to accoae$Llab three thtigs. It would make Psoldnstic BRIP 
Fling possible &y reducing the air velocity of the ambient airstream to 
the sampling velocity at the filtsr-strip commensurate with the require- 
ment that +he dreg force, caused by the pressure drop across the filter 
strip, be less than the tensile strength of the paper. It would make it 
possible to place sampling inlets in duct systems sufficiently far up 
stream from elbows so that sampling would not be done frolm aress of tran- 
sitional air flow. Further, the cone would direct the flow of air sam- 
pled from the ambient airstream against the filter surface. 

The filter paper feed system was designed to pull a str@ of fP1ter 
paper 5 in. wide and 270 ft long pest a ?&in.=diameter, pferced, staInless= 

This was done by a synchronous 
F 

steel sampling port at s constant speed, 
jl, motor geared through a five-speed gear box by sprocket and chain linkage 
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Figure E.4 Schelmatic of long- and short-type air samplers. 
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to a knurled aluminum drive roller in the long samplers and to a ‘rubber- 
cover& drive roller Plr the short sampZ.ers. The gear box allowed a 
choice of speeds in multiples of 2 from* to 4 in./mi.a. The desiw of the 
drive rollers assured no slippage of the filter paper. 

An aerosol incident at the cone intake vas sampled with a lineal florr 
approx!mately equal to that of the aerosol stream,, I% was expected that a 
considerable fraction of the part.iculate matter would be deposited in the 
cone ; so it was instaXIed with a removable liner in such a manner as to 
.give a clearance of approximately a in. between the cone and the filter 
strip to prevent tearing the latter. Since the aluminum case itself was 
airtight and the cone projected through a rubber diaphragm in the case, 
there was no air leakage. The face of the ,filt.er strip was protected by 
a covering strip 5 %n. wide before passing through the drive rollers. In 
low-te:?perature conditions, the cover strip was cellophane; silicene- 
coated fibrous glass was used in the fire room. To prevent sagging of the 
filter strip after passing through the drive roller, a slot 3/P6 in. wide 
was cut full length into each drive roller to allow the proper amount of 
covering strip to slide past with each revolution. fn the vample collec- 
tion, this feature caused a maximum error of 2 percent for any dri,ve- 
roller revolution period. Each sample was retrieved after the operation 
as a filter strip with protective covering strip rolled onto a takeup reel 
and was sent back to the laboratory for analysis. 

Extensive tests were rnsc’e on various comercial filter papers during 
the design of the air sampler (Reference 25). MSA 1106B was chosen as 
having the best resistance to tenpsratures greater than room temperature 
combined with high efficiency and low pressure drop, This paper was used 
exclusively on the air samplers. Average pressure drop through the paper 
was estimated at 2.4 in, of Hg for a face vePoc!ty of 270 ft/min. 

The samplfng port was linked with the constant-volume-rat suction 
unit through a 900, 3&in.-diameter, long-turn, brass elbow threaded to 
take a gasketed cadmiu&coated brass reducing connector, which was remov- 
sble for sam@e recovery. This connector in turn was linked to the suction 
unit by a lO-ft length of lhln.-diameter flexible hose, or in tho case of 
those located in the fireroom, through lz%_in.=diameter pipe to the cold 
chest where the suction units were installed. The whole suction assembly 
had airtight integrity up to the sampling port, so there was no possibil- 
ity of the sampled air being cycled through the case or bypassing the 
filter paper0 

110-v alternating-current Dower to the synchronous motors and the 
suction units was furnished by a 6048 motor generator system. 

%,2,2 Molecular Fu Collector Desist% Molecular filters furnished 
tho optically transparent collectbg surfaces required for particle sizing, 

( l?ar greater ease in processing and analysis, a dispersion on the order of 
100 active particles per square millimeter is deslirable. On the basis of 
estimates of percent of particles which would completely traverse the in- 
take duct systems and estimates made of concentration of active particles 
in the air from Greenhouse and Ruster Jangle report data (References 25 
and 271, a flow ratio of 30 to 1 between collecting heads was selected; the 
total flow through both heads for each particle collect5ng unit was 10 
cfm. If the estimate of active particulate concentration were correct, 
the desired flow rate to produce the preferred dispersion would be JO cfm. 
To broaden the range of the instrument, this value was bracketed 30 
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Figure E.6 Schematic d.isgram of arrangement of auction unit. 

gage, filter vaouum gage and safety filter ahead of the up, The recorder 
kept a record of flow variatione by monitoring the difference..in statio 
pressure between atmosphere and a venturi in the pump exhaust, 

Ea2mL Times of Instrument andEe Owratiqn and Instrument Field --- 
Performance. Table E.9 documents the best available informs- 

tion on the times of operation o-4 power driven 3nstruments, ventilation 

TAEU E.9 OPEUTfOtfAL. TIYING FOR SMOTS 2, 4 and 5 

Inst-nts sndi lnstnxcnts Ventilation Cubicle Boiler Air 
Irem Ctartcd Ctomcd FMG Stowed Shutdown 

Shot 2 

WC 39 s-3 hr s+5 hr -5 hr s+4 hr 30 Inin 

S+4-l/5 hr 
I 

S+G ,(a) 
I 

(a) Record oham a drop to 0 ia. of war between static tops at shot 
tin for CoDdltlon V, YAC 40. Either the recorder or the verrtila- 
tloa fana bad stopped. 

(b) A perrocal error resulted in l failure to atart the fem. 
(c) Ll of &n.4own of fans in Condition I not knarn but after S)20 
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fana and ‘boiler air shutdown fcr the three shots from which data were ob- 
tailM3. 

It may be observed in Table E=9 that the instrument operation time 
was increased considerably for Shota 4 and 5. This increased time re- 
quired a reduction in the speed of filter-paper mcvement through the 
continuous air samplers in order that the available 270 ft of filter paper 
would not be exhausted during the run. 

Filter-paper opeedo in below-decke samplers were less than those in 
weatherside samplera to alloz for reduction in activity levels in the below 
decks spaces at the expense of activity j+& discrftiation. Air-sampler 
filter-pper trpeeds for three shots are given In Table E.10. 

Table E.11 l.ists the performance of contjlnous air samplers for three 

. TABLE R.10 LIJEIR SPED OF HLTER PURR PASSIHC 1RlW.R i0RTS OP TRR 
UJUTSMJWS AIR SAYHU3 

La&ion of Air Smmlc~ 

CorMl.II- St&lml, wLG39 
cond. 11 - s-at1on 5 =G 39 
Cond.f- stAticn1,*r4G bo 
cond.I-St?btton5 ,YAG40 
Ccrd. II- station1 

Cond.II- St.&Ian 5 
cond. III - la cub& 

IustartQ5rdvilribax uG40 
Invindbox betveen &kern 
In fl~erocm betveen bollere', 

WC '@ 
YAG k0 

No.Pk~ost YAG39 
Ahead of blwer%oiler air duct,UG 39 
Betveen boilere , fireroan ,X&G 39 

l&pe _TemDeratun 

short nonmI I Ghort nd 
&lo* n0nm.l 
short 
Short 
Ghort 
Short 
short 
short 
short 
6ItOl-t 

Short 

ShOti 

laag 
lone 
rone 
lW3 
low 
1w.z 
lcw 
1-E 

I-_-m- 

Linear Speed o?' Flltcr Pcpx (in/sinj 
e ,.. P. 

CJnot d . 

r 

Bh 4 Cd ‘* 

4 
;I2 

t/” 
2 

i/2 
l/2 
112 
l/2 
l/2 
112 

t 

1: 

i/2 
y2 

$2 
1 - 

$4 
1 
l/4 

: 
l/2 
l/4 
114 
l/4 

$ 
114 

:: 

:: 

i/4 
l/4 

i 
l/4 

shots. No difficulty was experticed with any -+? the suction units at- 
tached to air aamplere during these three events. 

Table E.12 summarizes the molecular filter particle collector opera- 
tion for three shots. The tom line for eabh uarticle collector and ehot 
refers to the operation of the suction unit. &The bottom line describe8 
daszage, where ft occurred, to the molecular filters. 

E.? ANALYSIS SUPPLEMEBT 

m.1 Decay Correction of a ‘lkp&.Q~&eti of Activitrir Versus Time, To 
demcnstrate the nature of the airborne activity concentration during +&e 
actual test run9 a typical graph obtained from the sir sampler at Station 
5, Condition II, PAG 40, Shot 5, has been corrected for decay point by . 
point to the time of arrival, A comparison of this cur-re is shsnn In 11 

Figure E.7 with the same curve, all of whose ordfnates are corrected k 
S+lO days. 

f 



Air SamLcr locntim 

cowi. XI - station1, YAa 39 

Cond. II - Station 3, YAG 40 
Cord. II - Sta%im 4, YAO 40 
Cmd. 11 - Stmlon 5 
cord. III - In cubicle 

XAG 40 
YkG 40 

Cond. Iv-station5 ‘rAckI 
cond.v- StAtica5;YAG 40 
Cmd. VI - stetim 5, Y&G 40 
Top of decW~owrs , YAO 4O 

Top of bridge , W 40 

Ahe~d of blower, boilerair 
duct UG 40 

In .t&W wlndbax YAO 40 
In vindbox he+cen b&ers,wO 4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

JJ. 

12 

operated mlcceseiwl~ 
operated eucceefiful& 
operated succeeefu?lJ 
cperuted succesefullJ 
pin broke in drive 
roller record 1oet 
operate% eucceeefua~ 

opemted suceeeefully 
opcratcd eucceeei~ 
cpcmtcd eucceeeMy 
opemted succcesfullg 
opcnrted eucceeeIULy 
operated 6uccessfaUy 
operated oucceeefuUy 
apelated successful& 

filter puper vowel 
crntic6lly m t&c- 
u&Y reel 
failed during Shot 1 

falledd~Shot.1 

QeXbted euxessfully 

destavySdb: 

Cilter paper tom , 
Bt&tiolmy fmple 
nturnedtoNRnrl 

Operstim Rcrlcg 

operated cucceeefuUy 
opcrrted sumeeefkuy 
qexnted eucceserully 
operated eucceesi%lly 
operrtcd 6ucceeefulQ 

operated successfully 

cpereted euccesefully 
opexuted successfully 

cperated. succc6e_Alny 

opaW.ed SucceSefUly 
q.6rpted l ucccsefulZy 
opented euccesefuUy 
opa=ted l uccsefuUy 
Stopped lntene1tteotl; 
p6l-t Of record 
eStief6ct.ory 
filtor papertow 
after a brief run 

Dleeontlnued for 
succeedlnS shots 
MSCmtinu6d la 
succeedinfs shot.0 
rm out Of covwlog 
strip; Cilter ma 
erccceefully; s66&e 
loet in rumlyel6 
op.z&ad succeesfuUy 

ealt mter corrorlm foli 
record &et 

operated euwceerulLy 
operated succeeefaUy 
cpxwrd eu~cce~fully 
operated l uccee6ful.Q 
ran out of filter 
pepernearendofrun 
reaoutotrllter 
paper w end of run 
operated successfully 
opemted 8mcerefuUy 
opemted 6ucce6efully 
-rated succceefuUy 
opzmted SuccessfulLy 
opwAt.ed succeeeruUy 
operated auccc6efuUy 
stopped lnteFalttently 
partofrrcorri 
eatisfactory 
filter paper tom - 
rta1onary ornple 
bat 

llscontinwd 

ltscontimted 

TARE E.12 K’LECVLER PILtEli PARTICLE COLLEClYm mRh!ANCE FOR 3 SI)lS 

Shot2 Particle colmxor 

Nmber 
0uct1011 unit - Flltcrs lo&c;: , fljn dropped 

eqlee cua&lete . ertlcle colLector 

suction unit 
particle collector 

suctim ait 
putac1e col&!ctar 

suetim u&t 
particle collector 

ructim unit 
particle collector 

lluCtloa unit 
particle coLlector 

suction unit 
particle collector 

suetim uait 
pwticle collector 

6uctlm unit 
pa-tlcle colLector 

0uct1on Unit 

perticl\t coliectar 

SUCtim W‘it 
pex%icla collector 

6UCtiOn Mit 
uertlcle coll~~ctor 

Operated eucceedU.ly 
6mqlee complete 

mrhted oucceeefuLLy 
semplcs ccq1et.e 

Op6mted 6uccesefuUy 
me e6zuplc can&eta 

Operated succe6rhJly 
seeplee cmplete 

qemtcd successfully 
nmplee caeplete 

Operated e\rceeefuUy 
se&es complete 

Operated success rully 
se&es ca@ete 

Cperated euccesehlly 
5mples caqlete 

orated sUcceSsfully 
saeplee cccup1ete 

Stqped during run 
one eaunpl6 ca@.eta 

Opemted SwCCSSfully 
66qAee caepl6te 

Cpcmt6d successfully 
6Smples complete 

Opemted 6uccee6fuUy 
wle 72 destroyed 

*rated cucceeefuUy 
esnple 8l destroyed 
eeeqle 82 ccxeplete 

Filter l&cd-flow dropped Filter l.oeded,flov droppe 
rrrrrgleea caeplete e6Ep1ee rcaylctc 

Operated 6ucceeefuXy Operated swceerfully 
weplea complete eL%Q166 cqalete 

Filter loaded Jlow drcqped Filter Waded ,flar droppe 
6aeplee cco&ete eaepleo camp1et.e 

@erated succese?~ *eratim lntcnnittent 
ecunplen ca@ete emple6 canplcte 

-- 

420 

" t 

Filter6 loaded , flow drqpsb 
sar&ee caeplete 

@erated successfully 
Seeiples ccrrpleta 

Op6r&d succ~eefuUy 
om sea&e caqalete 

Filters lmded , flou dropped 
ewnples cmplete 

Operated 6ucceesfuUy 
eanplee complete 

Operotzd aucceoe!UJy 
both wmplee tom. 

Operated succeSSfully 
both Samples destroyed 

Filter loaded , flow dmpped 
s@os caplete 

Opented succesrfully 

both se&es torn 

Filter loeded&lw dropped 
eemglee couplete 

operstcd euccceelUly 
eeaoles codwlete 
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FQwre E.7 ~O~PieOIl Of curve8 of activity VeFEU8 tiID6 for 
Condition II, Station 5, Shot 5 corrected to time ,of activity 
arrival and corrected to S+lO days. 

-2 Activity Ratioa Between Hi&- and Low-Flow He&& It is 
notable th& the ratios between the counting rates of the high-speed oolm 
lectfng head8 and the low-speed header are not the same a8 the flow PatAos 
between those heads (Table E.13). 

Smll cWferences tire seen to exist between the neamred flow ratio8 
and the irrterided ratio of 30 to 1; however, very large diffarences occur 
among the ratios obt&mi from the count rates of tbo nolecufar filters, 
Particle Collector 3 sampling from tbs moat udieturbed afr show8 the 
best consistent ratioe whereas Particle Collector 6, eampllng from a much 
emaller particle po@lation, and Farticls Collectors 9 and XL, whose flow 
rates rapidly dropped becaum of aoohchoked filters, produce the smllest 

4 

ratioa. Piguree E.8 and E.9 indicate a drop in flow of collectors 1, 2, 
and 5 for Shot 5. This circumstance reflects in Table E.13. 

4-a. 

COMFtDENTtAL 
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Shot2 Shot 4 S&t5 

Nwtq 

1 

2 

3 

5 

6 

9 

ll 

l2 

l&3:1 9.5:l 17.8:1 0.83:1 1.431 
9.3:1 8.8:1 i&8:1 l8.2:1 3.8:1 

20.7:1 15.3:1 l 34.3:l 17.7:1 2o.o:l 
l3bB:l 35.211 20.8:1 17.8:l l2.5:1 
0.38:1 lo.711 34.421 5&l 2,ttl 
1.3:1 1.6:1 o&q:1 lblrl 1*7:1 
3*lrl 2.0rl 1*2Il 14.8:~ 16.811 
lL5tl l2.9:1 22.1.1 28.8rr a4.6:1 

. 

28.69 

n.1:1 

26.911 

29.911 

30.5rl 

n*rrr 

a 

3o.9%1 

&it.3 Eltimate of Suction unit Flow lflaes, In practiCelo ttis suaelon 
units varied from the ideal of a lO-cfm contlnuou8 Clstr rate. Sane of the 
motors overheated froa undetermined causes and were cut out by the therml 
protection eritch. Fluters clogged with soot causing exct?seive pressure 
drops, especially in the boiler systems, wfiicb resulted in reduced flow 
ratea, and in general, the actual flow rate would drift away from LO cfb 

7L 4 

3 2 4 6 6 IO I2 14 16 16 20 22 24 

TIME (HI?) 

Figure E.8 Particle collector auction unit flow rates versC8 
time, Shot 4 
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Figure E.9 Particle collector suction unit flow rates versw I 
Lime, Shot 5 

‘. 

over periods of days or weeks. On the basis of the recorder charts taken 
from WA& suction unit, it has been possfble +a plot.the -estimated flow 
rafs of each unit againat firm. The plotted points (Figures IX.8 and E.9) 
begh at the tim f'alhxt ves first encountered and end at the time the 
pxz.mps shut off in B ce no csasation of cdrborne actbity is evident 023 the 
continuous air-sampler graphs. 'I12 averaging some of the sbaq vartitione < 
in the curves9 the total volume of sir t&rough each particle coUectQr 
was obtafned and is given in Table E.14. 

For Shots 4 and 5 the flow rates through Collectors 9 and 3.l were 

TU t& &XG?AL VOLUllE OF AIR SAPLED BI PARTICLE COLLDXIRS 

1 
2 

Valmc of Air Sa~~lcd (cu ft) 

423 

CONFODENTIAL 
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Figure E.30 Flow r&x vereue time for fire room air 68mpler 

suction units, Shot 5 
&,3,b Estimate of Bete.Dief~tem&ion Bate and Calibration of 

Ioni!&atiml Chaa 
ards (Cu, 63 Tlzo4 +W 

Absorption curve8 were mad8 of four stand- 
Pa 4 mmfactured by the Atomic Ixmtmment 

Comp%llF. Theae'standaks were each inscribed with an sffective disiategra- 
tioza rate refermd to a specific date of count. Accuracy W&S liglted 6~ 

0 10 percent. Since the standards were covered with varying thicknesses 
of alaminum ab8orbex-8 to stop uud8eirable beta conponenti and to protect 
the activity deposits from damage, the disintegration rates listed were 
not those of the mmples krt, rather, the appetrent activitiee of the 8am- 
plee after corr8ction had been xmde for geofietry losses. That is, the 
apparent disintegration rat8 of each aalnple would be that of an uncovered 
sample whose activity was less by an amount equivalent to the mduction 
of beta activity of the standard in pasaing through the oover foil, U.low- 
ance was made for the cover thickness aud tube-window thicknese (1.8 mg/sq 
CID) on the aluminum absorption ourveo (Ffgur8 3Ll.l) of those standards. 
Thssa otmmtl were normliaed to a xmximwn activity of LO by dividfng the 
counts at each absorber thickness by the count rat8 at minimm absorber 
thiclcneorj. 

Figure E.12 consists of aluminum absorption ourv8s of four differsat 
samflea tak8.n from Shots 4 and 5. All but tk3 muple of capper liner from 
the top of the derkhouae, Shot 5, are molecular filter samplea. It my b8 
noted that, exc8pt for the coppm liners, all the curves are 8itiar in 
shape. Identical mmntings were .uaed for the test aamplea as were suppli8d 
with the stmdardc The constant-slope section of the molecular-filter 
absorption curvea (betwe8n 200 and 800 mg/sq cm) repreeent a 
beta emrgy greater than 2.32 i&m (the maximam b8ta energy of Pa*34) or a 
very-low-energy gama component. For the purposes of this discussion, it 
will be identified as a high-energy b8ta copaponslat, 

- ,’ : 
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ABSORBER THICKNESS (MC/SO CM) 

Figure E.ll Absorption CCrVe8 of i8OtOp standard8 

Figure E.13 reproduces a superposition of the absorption curves of 
samples 72-5 and 101-h with the identifiable gawla components subtracted 
cut* Here again, the curves have been normalized b a maximum count, rate 
of LO. Hereafter, the contribution of the gamma activity to the unab- 
aorbed count rate of the test samples will be ignored, inasmuch as it amounts 
to less tha! 1 Percent of the total count. 

Isotopes with maximua beta energies greater than about 1.2 &v have 
been found to cause similar response in a GM tube. Because of this circum- 
stance, it is possible to consider the high-ener 
molecular filter samples to be equivalent to Pa2 Ib. Thin component ha8 $ 

beta component of the 

been labelled Component X and is subtracted in Figure E.13 from the total- 
absorption curve. The initial slop8 of the resultant closely resembles 
that of the beta contribution to the Co& abEJorption curve. The latter 
cannot be subtracted to produce still a third, low-energy beta component. 
The poor resolution of this pt-oceaare is evident in that beta energies 
much lower than 0.31 Mev (-imum energy of Co&) are known *to exist in 
fission products. A& a result of ̂ tha wcertainty, disintegration rates 
for the test sample8 derived from this study must be considered, at best,,, 
lower limits of the actual diointegration rates, 

Considering, hypothetically, that the aaml;les consist of two isotopes, 

, 
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ABSORBER TtlICKNMS IHGLSOCW 

Figure E.12 Absorption cwve8 of cone liner 
filter samples. 

and molecular 

C&O and Pa234, it may be seen from the curves in 
contributes 54 percent of the observed count rate 
nercent. fi 

Figure E.13 that Co& 
and Pa234 supplies 46 

On 31 August 1954, the Co" standa * produced 3,980 c/m in the GM 
tube (Shelf 2). On the 8ame d&e, Pa 3 2 yg0unted at the rate of 2,3&I c/t. 
The effective disintegration rate of Pa 3 as of 31 August was 1.02 x 10 
d/m. The total geomet 
Pa234 must be 2.34 x 1 a 

for an isgtope of energy equal to or greater than 
/ 
8 
.02 x 10 = 23 percent. 

The situation for Co O is more complex 88 a result of the s 
& 

ificant 
gamma component. Extrapolating ths total absorption curve of Co back to 
the points of 0 absorber, it may be seen that for a total (6 +v ) count of 
2,500, 78 c,!m are gzmm; 2,500 - 78 : 2,422 c/m of beta alone. Since there 
are two gamma's and one beta emitted upon each disintegration, the tube 
has twice the chance of perceiving a gamma event as it ha8 of perceiving a 
beta event. Therefore, the respoke of the GM tube to gamma 
78/2.x 2,422 x 100 percent = 1.6 p:.:-cent. Correcting the 31 
for beta absorption: 3,980 x 2.5 .ercent' = 9,550 c/m total 
radiation. Let x = beta count with no absorber 

. 
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radiation i8 
August count i 
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Figure E.13 Determination of apparent beta components for 
comparieLn of sample and standard absorption curves. 

x + zx. 0.016 = 9x0 : 1.032~ 

x r g64Q c/m 

Whereupon 9550 c/m - 9640 c/m : 310 c/m of g+nms, assuming the gfimna count 
to be unchanged upon the addition of l2.?.mg/sq cm of absorber. The beta 
count rate as of 31August = 3,670 c/m. 3.67 x l@ = 9.8 percent geometry of 

60 
3.73 x 1OQ 

tube for Co beta radiation. Where the effective disintegration rate of 
each sample where 2 is the observed counting rate: 

. . 
0.23 x (OMY) 4 0.098 x (0.54Y) = 2 

producing Y = 6.3~. 
Th.e calibration of the 41 ionization chsmber against the gamma SCID 

tillation counter was done by counting molecular filters la both. Molecu- 
lar filters of various radioactive ages were counted on the floor of the 
scintillation counker. The ssme filters were then counted in the ioniza- 
tion chamber yieldi activity in terms of millivolts. A plot of milli- 
volts against counts set is given in Figure 3.14, where a straight line has 

4.27 
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SCINTILLATION GAMMA COUNT - SAMPLE ON BOTTOM OF COUNTER (C/SEC) 

Figure E.14 CaZibretfon curve of ionization and Qcintillatlon 
counters 

been'hwn by eye through the experimcntul points. Extrapolations were 
performed where necessary to express cone liner, adhesive-coated paper and 
?X!I! filter da* in term of counts per Uute. 

E.3.5 Analysis of Weatheroide Corxe Liner, Shot 5. A cone liner taken 
from the: air sampler mxmted on the deckhouse of YAG 40 was divided Into 
small pieceo for counting with the Geiger tube. A plot of,the average 
beta activity per aquPse centimeter against distance from the cone intake 
is shown for this copper lincr,.exposed in Shot 5, Figure E.15. 

1 The factor of 2.5 is derived by taking the ratio of the total BCy 
count at 0 sbsorber thickness to the !3 9y count at an absorber thicknees 
of l2.7 mt;/aq CLB (see Figure E.11). 
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INCICHES FROM LEADING EDGE ff CCtlE LINER 

Figure E.15 Activity corrected to S427 days for cone liner 
taken from deck house air sampler on YAG li0 at Shot 5. 

The foil was cut into la separate pieces for beta counting. Each 
point on the curve represents the average count per minute per square 
centimeter of eight pieces of foil which lay roughly on a radial line in- 
side the cone at the distance specified from the entrance. A reproduction 
of the cone liner is shown in the insert. The eight shaded segments CSPT 
prfsed the samties counted to obtain the average area count at 10.4 in, 
from the leading edge of the liner, 

l 
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F.1 FIXED GAMMA REORDER 

T&e #pTlsmaxe6a~~rkngand r6coFdlng f3ystos had to EJupplyfairorz4ztion 
abut the dose 6ud doe6 rate at a large mxber of points aboard two ship. 
Originally it wa8 plaumd to use conventional lo,~it$nic rewxmding 
.tmty,umat~ to IndYcate the dose rate; however, maub fneWU barn a 
ratier large Anhere& error. Assmlng a l-percent instrument read* 
error anmd a +deeaba respmse, the inhersnt error due to tho logarithz~%a 
reippwm by + 26 and - 2Q percent, which ia too large. Another faoton 
aga&st tkelpe inatmments was the f8at that records of dose aa a function 
of t&a were the pvlzaary requisite8 of the field operatbon. 

A different approach was made to the problem. The iaatrumnt employed 
waa a recycling integrating ion chambr by which each incremnt of dose 
was reaorded. The record of dose verms time was the runuing total of the 
dose iUX'6lll6!&6. The dose rate was the slope of ths do88 curve or could 
be coPlput6d by 11!6&~3urkng the tin6 r&@md to eccur6ulate the dose %ncre- 
!mut* Such a system fr, capable of 4 5 percent accuracy, at least. 8~ 
cm186 ths dose rates were expaated %B range from bmkground to 10,OOQ p/b, 
each instmmmt ststion should consist of a group of detectors. Thus, to 
d&sat baakmouud rates 6 d&eCtGr would have to recycle at 0.3. m?; in 
fields of 10,000 r/hr It would hava to recycle l@ times per hr. Such a 
requimmeut is impractical. Also, the ion chamber would have to be rather, 
large to detect the O.l-mr incrementa and a vephigh o~ltqp would be 
needed to collect in the lO,OOO-r/hr ffeld. The nunibgr of deteatms r6- 
quirpld at each station was finallg settled by the choice of the recorder. 

Several types of recorders were considered; BGIW were discarded be- 
aauoe of their complexity and others because of their cost. Since 137 
t3tatiom were to be aquipped with @?oup6 of detectors, a large mmber of 
cbnnels of imxp6naiv6 recording was requirgd. Eagnetia tape recorder8 
were comIcbred but discarded because of their cost and the additional 
m&tenaace they required. Pan-and-ink recording waa ahoaen, as it w8s 
the simplest, most r6li&Ie, 6nd most economical. Pulse-type recordbg to 
tidieate when the bcrexnent had been accumulated was adequate, because It 
was not 

if 
ecessary to designate levels or relative ax@itudes. The function 

recorde nornml~y employed to indicate when circuits are energiaed or 
de-energized was se3.eated for use with the gamm detectors. !l'hls recorder 
contaiuo 20 Individual paus aatuated by eolmM.ds that diaplaca the pene 
tPp~OXiEUIt6ly 3/k3 %n; it records 20 ahUUI6lS of infomation. 

The recorders held a lOO-ft roll of tape driven by a mchanfcbl &day 
i 

1 Efgo by ?taytheorn 8iamf8ctur~g Co., Newton, Maes. 
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clodc. Sinea unattended operation for perfads of 100 hr mw wqdred, the 
tape was run mt 1 ft/hr. If pulses were spaced at 40 per in., individual 
pulses were barely discernible. This spacing would correspond to a chamber 
recycling &30 times per hr or 1 increment ewery 7.5 sec. To provide a 
safety factor, a mxinWn pulse spacing of 30 per in. (1 every 10 see) was 
seleCted. 

Conmrsi~n of pulse spacing to dose &nd dose-rate curves would be 
diffiL%lt unless each chamber covered a whole nunber cf decades. If each 
c&as&err covered 2 decades, the mzizmm time between increments was 1,ON 

-em; if it covered 3 decades, the pulse spacing was 10,000 see, which would 
yield poor time resolution. With each chamber covering 2 decades, four 
chalsbers per station were required, The sost sensitive chamber, A, WM 
akid for an increuent of 0.1 Els; B for an increment of 10 mr; C for sn 
inesement of 1 rP and D for an increment of 100 r* Since any chamber could 
be used at recycling rates as great as 360 per hr, fields of 36,000 r/hr , 
could behandled bytheD chamber. 

The recycling integrating ion chamber instrument consisted of four 
basic elements; the ion chamber, an electrometer vacuum tuba, a power 
amplifier and a relay. Several different designs of ion chamber were con- 
sidered, A parallel-plate chamber was designed, but its energy response 
was inadequate, and the chamber vas difficult to fabricate. A concentric 
cylinder design was used, but the A ion chamber presented some difficulty. 
The charge produced by a dose of 0.1 BW in a volume of' 1 liter is 0.922 x 
10'13 coulombs* If the chamber capacity and integrating capacity are each 
a reasonable sise, the chamber volume would be too large to be practical. 
Even stray wiring uapacity was too great to be discharged by a 1.2.liter 
chamber that operated at atmospheric pressure. Consequently, the A cham- 
ber was operated at 10 atmospheres. The 16 chamber was operated at only 2 
atsos$eres and with an integrating capacitor of 100 ppf. The C chamber 
was operated at 2 atmospheres md with an iutegratfrig,eapacitor of CL.01 )rf. 
The volume of each of these chambers was 1.2 liters. The D chamber was 
not the same volume, because the collection voltage would be impractical. 
Instead of using the 1.2 liter chamber and increasing the integrating 
capacitor by a factor of 109, the volume was reduced by this same factor; 
a O.Olvf integrating capacitor was used, and the D chamber was operated 
at 2 atmospheres. 

Energy response was important, because the gasmm field to be measured 
was due to mixed fission products. The A, 8; and C chambers had excellent 
energy-response curves. The curve for the D chamber had a large peak at 
low energies, and filtering was necessary to improve the respouse. A 
6-mil lead foil which was wrapped and crimped around the alumixus chamber 
was a satisfactorg filter. The response was within 15 percent of being 
linear from 100 kev to 2 Mev, 

The chambers were filled with nitrogen. To facilitate testing of the 
preasurised chambers, 2 percent of helium was added, and a helium-leak 
detector ms used to test the chamber seals. A group of the chambers were 
placed in's vacuum chamber, and any leakage from them was drawn out by the 
p&cuum pump through the helium-leak detector. Unfortunately, some of the . 
chambers developed leaks after they had been in tise. This difficulty was 4. 
probbly caused by vibrations and shock to which the chambers were subject& 
durizlg calibration and installation aboerd the ship. 

Considerable difficulty was encountered in obtaining satisfactory 
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integrating cqacitors. These capacitors had to have a self-Urns constant 
in excess of 10 hr, which msans a leakage resistance of 3.6 x K% ohms for 
the 0.01 p.f capacitor. ,The leakage resistance must be maintained at ten+ 
peratures up to 12OoF. 
must not polarize. 

The cnpscitance must bs stable, and the capacitors 
Some of the capacitors tested exhibited a capacitance 

change if voltage was applied for several hours. This condition could not 
b8 tolerated. The capacitors used were the Stabslax D.1 The leakage r'Bar 
sistance was measured by a vibrating-reed elactromter to measure the 
voltage drop across a high-megohm resistor caused by the capacitor leakage 
current. The only difficulty encountered with tha capacitors was caused 
by gamma radiation. In high gsnuna fields, the leakage resistance decreased 
to such a point that the capacitors could not bs used without shielding them. 
A half inch of lead provided sufficient shielding to maintain the squired 
capacitor leakage resistancee 

The decision to operate the eleatrometer tube as an inverted triode 
was based on a number of considerations: Since a large swing voltsge was 
to be used to increase the accuracy of the system, it was felt that the 
grid current would be excessive if the first griti G was onerated at large 
negative voltages. Also, considerable work had been done at NRDL on in- 
verted triode electromster circuits. Tests were conducted on sewersl types 
of electrometer tubss and typs 58GOl was chosen based on the results and 
past experience. 

Since battery operation wasdesirable, an attempt was made to use a 
transistor as the power amplifier required, because the output current froar 
the inverted triode was not sufficient to drive alrelay directly. Consid- 
eraUe effort was devoted to the transistor circuit. From tests it was de- 
cided that a NPN transistor used in a grounded emitter circuit would be the 
best. As design and testing progressecf, it became evident that such a 
circuit would not bs stable enough% Tine transistors available were not 
hermetically sealed so were subject to failure due to moisture absorption. 
Also the transistor characteristics varied over wide limits with moderate 
temperature changes. 

A brief attempt was made to use a vacuum tubs or gss’tub power amp 
lifier circuit. Although such circuits can be made to operate satisfactor- 
ily, considerable more power is required than whena transistor is used 
and since the circuit ie rcore complex, frequent fa ures are to be expsctsd. 
The circuit finally selected used a Sensitrol rela 3 which is a meter type 
movement with magnetic lock-in features. This relay csn be reset electric- 
ally by energizing a solenoid and can be obtained with a 5-u amp sensitivity. 

A 5-u amp Censitrol was used but it was biased so that 25 to 50 u amp 
were required to energize it. The input-voltage versus output-current 
characteristics of the inverted triode are shown in Figure F.1. T&e char- 
acteristic curve is much steeper at 50 p amp than at 5 at amp, consequently 
the 50 p amp firing point will permit less error in determining the volt- 
age point at which the ion chambsr and integrating capacitor discharge. 
The bias current for the Sensitrol was obtained from a dry cell and was set 
with a potentiometer. 

The power amplifier energizes the recycling relay which must recharge 
the ion chamber and integrating capacitor and energize the recordere It 

1 Mfg. by Raytheon Manufacturing Co., Newton, Dasa. 
2 bif’g* by gestern Electrical Instrument Corp., Newark, N.J. 
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Figure P. 1 characterietic cwve of the Inverted triode. 

sleo recharges the delay circuitry. The ion chamber circuitmuathaveo 
minimum resistancs of 1013 ohms to ground, Roca&3e relays are rY3t avail- 
able with insulation of this magnitude, a special rela$- was required. 
The relay contact which recharges the ion &amber circuit wa6.a specisl 
coiled spring which *as gold washed to decrease contact corrosiou as very 
little contact pressure was svsilab& This spring mde contaot wit-h the 
supporting stud which contsoted the chambr collecting ebmtrode. 

The delay circuitry limited the maximum recycle rate of the system. 
If an A chamber is allowed to run at its mximm rate, Lthe recorder wlll 
draw mangr p&se8 on the sam6 psrt of the tape. The euzess ink is likely 
to splatter and weakena ̂&e papar tape, The RC network applies 6 voltage to 
the electrometer tube which prohibits current from flowing to the out@ 
circuit regsrdless of the input voltage on G2* The RC time constant is 
such that outmt current cannot flow for spp:oximtely 7 sec. At this pulse 
rate, 3ndividua3 pulses sre just discernible on the tape. , 

F.2 DATA RRDUCTION APPARM'US (DRA) 

When the decision was mde to use dose-fncrement inatrumcnts Wstead 
of logaritrhmic indicating dose rste ones, it was also decided to provide 
some mechanical means of reducing the data since a time record of dose 
increments from four chambers is difficult to interpret. Although the to- 
tal dose as a function of time was primarily important, the dose route as a 
function of time was also of interest. A data reduction apparatus (DRA) 
was planned to provide e plot of total dose and dose rate a6 8 fbnctjion of 
time. 

The total dose at sny time is simply the mighted running total of the 
dooe increment pulses. The average dose ra+.,e over any dose-increment 
period is th e vslue of the dose increment divided by the time needed to col- 
leet the dose increment. ObtaM.ng the plot of total dose as a function of 
time was relatively simple. A cascade decade register with parallel in- 
put provided the necessary totalizer. The parallel input provided the requi- 
site weighting. Pulse6 representing A dhamber increment6 were fed into the 
first decade; pulses representing R chamber increme 

3 
6 were fed into the 

third decade. The decades used were stepping rela 
with these unite. 

, because of experience 
Relays were chosen in preference to electronic decade6 

for several reasona. First, this type of relay has been tested for 200 
million oueraticns between adjustments. They were developed for telephone :( 

5 
I 
2 

Kg. by PolferBrumficld tifg. Co., Princeton, Indiana. 
Mfg by Automatic Electric Co., Chicago, Illinois. 
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service where design life is greater than 20 yr. Consequently, the reli- 
ability of these electromeckanfcal decades is bstter than for vacuum tubes. 
Second, the Ii&I is not a hkgk-speec~mach~e. There is a practical limit to 
tape speed. As designed, the origPna1 tapes are run through the DDA at 
100 times the origin212 recording speed. The maximum pulse density is 10 
pulses/set. The stepping releys will operate at 35 steps/set, so the 
greater possible speed of vtmx~m tube decades is not required. Tk5rd, 
the power consumption of the mechanical decades is less than witk VW- 
uum tube decades. In 5 mcnths of operations there have been no relay 
failures. 

The total dose is read out on an an&log curve plotter connected to 
the readout matrix as a self-balancing bridge. In this wey, changes ia 
supply voltage do not effect the accurticy of the platted point, The curve 
plotter does not draw a smooth curve but, rather, 8 histogram, When any 
dose increment is received, the curve plotter indicate8 the new value of 
total dose. As the curve plotter type is mov5ng continuously, any indi- 
cated vslue of to!&. dose is x~~lntalned until another dose incremnt is 
received. 

The cume plotter has a 1oIi.n. span. Because accuracy would harpae 
been sacrificed if the full span wes to represent the available 1Q decades, 
it was decided ,thRt each decade would cover the f'ull span. A* the end 
of each decade, the pen would return to the low end and begin the next 
decade. Sida-pen markers drew pips to indicate which decade any port%on 
of the curve represented. As any chamber could be used up to a mM.mum 
rate of 360 increments per hr, the A chamber wes useable to 36 mr/hr, 
fl chamber to 3.6 r/kr, C ckamber to 360 r/hr, and D ckamber to 36,000 
r/h. Consequently, full scale on the chart was designated ts 40 mr or 
4RI units of A &amber increments. At 36 BW or 360 increments, the curve 
plotter pen w~s depressed to 3.4, and the next decade started, Eeck 
decade was represented by a full-scale span, RSI it wes difficult to pre- 
dict how small e difference between detector st,atfono muld 3a of Later= 
eat or would he recorded. 

A logarithmic plot of total dose was also provided. This plot would 
cover any five preselected consecutive decades. The S-decade presenta- 
tion covered the full chart. 

The dose-rate unit computed the dose rate from the tLme between dose 
increments. At first it was planned to use conventional analog 
techniques to perform the computation,, 

computer 

Average Dose Rate over TW T : Dor fncrement 

T 5 Time to collect Dose Increment. 

However, It soon became apparent that considerable mechanical design would 
he involved. The above computation would have to be performsd many times. 
An ix~olved clutch system would be required to return the comprator to the 
initial conditiotrs after every computation, or two computers would be re- 
quired with each coolputek performing every other computation. Either of 
the two conditions would.have to be met as e mse signifying the end of 
one computation period also denqted the start of the next. A different 
method was decided upon. As the dose increments ere constant while zmy 
one chamber is used and differ by Integrtll decades between chambers1 the 
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average doee rate over a period ia inve~aehy proportion&i to the tim be- 
tweet pulse8 on the recorder trace8. If a couut of a fixed frequency $13 
started by one pulse and stopped by the next pul8e, the couut registered 
i;l the comter i8 inver8ely proportionai to the dose rate. If the 
counting is done b_s a binary chain and each binary 8witehea into e relay 
mtrix a resistor weighted by the position of that binary iu the ohain, 
then the tiue of the matrix o8.n be made inverasly proportional to rate. 
If the reciprocal action ia used, i.e.# each binary switchee in a con- 
ductamy, then the voltage drop acro8a 6~ fixed reeistor in aeries with 
the conductance xmtrfx will be prorrtional to dose rate. 

The recorder8 require a miuir.~~ of 0.5 sea to traverse the chart. 
Aa ang chamber is useable a%* ;_Y to 10 ae?/pulae and the DRA rum the 
recorder tapes through at a 1~to-1 speed up, pulses can om~ et a .i 
mimmlra apac3Eg of 0.1 BQC. so mm though computations uould ba made 
rapidly enough, the points could not be plotted that rapidly. Cease- 
quently, it was nece88ax-y to use a decade acafer between the pulse inpt _ 
and the dose rate computer. %ch chamb8r coy-em 2 decades, and the decade 
premeler is only used for the upper decade. Therefore, the m 

\ 

pulse Ispacing into the doee rate comspolter i8 1 a,80 and the maxisum is 
10 88% The l-see minimura aUow8 the to print the solution to the pm- .’ 
V~OUEI coIirputaCion and reset the biuarg chaiu. The conductance matrix 
associated with the binary chain is 80 adjusted that xero count 3n the 
binary chain give8 tin output read&g of 36 mr/hr, or 360 mjhr or 3.6 
r/k=. 

. The DRA ha8 performed remarkabl-$ well, considering the repidity with 
which it was developed, designed, and fabricated. The usrit ha8 been op 
erable approximately 9C percent of the time. Approxiarrately 1LO vacuum 
tutis, many of which are dual tubes, are used. Because of the time avail- 
able, it was 8ometim8 necessary to 01&t plair&XmXe aid8 and COnsid@r 
just the ease of f&b&zation. 
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~81c8, a airectioti bet8 detector, a directionttl garma fletector 
a&wipe-~liElge&~ntwere procuredW shipped to the test site for‘ 
the radiol~gicsrl suxve~s of Cperation Castle. A brief description of these 
inst~nta, to~t~arlthc~ib~tionsnd~~aaoce dataandsnevalu- 
atiozof their perfommze, follows. 

&l.l Radiacrs. !i?hreetypesofs~ radlacswereused in the 

f!Wej,e: 25, AR/PDR-!J!lR; 12, AR/PnR-l&L; and 25, &B/PDR-2'7C. 

G.l.lOl AH/PIlR~. !FMSlns~nt (Reference 28) is the ion-&amber 
type, with five ranges from 5 air/&r to 50,OCO mr/hr f'ullscale Audi nxasures 
gaamm radlatim mly. It is hon&irectional., has a ravage switch, zero set, 
and operational check with built-in source, and operates from batteries 
(two special,tWoradiotype). All the instrment switches were mdifie& 

calibration. The instruments were calibrated approximately every 2 
weeks= a Comgmna range (UDM-1 Radiac Calibration Set). Mid-scale ’ 
intensities for each rsnge were utilized, i.e., 3 arr/br, 30 xr/hr, 300 xr/hr, 
3,ooonlr/hr,eand3O,ooomr/~. Actual readings were recorded for future 
coxg~arison since the factory (Reference 28) guaranteed uo more than the 
+J.5 percent at 4/5 fbllscale. Most instruments were better than this. 

)rhrinbmce . Practically none required. Instrummts were occaslon- 
ally dropped; such accidents resulted in one broken chamber mount ah4 sev- 
eral d.amged meter mvezmts. Robatteryf8iluresoccurrecl. saltwater 
sprsycausedrustingofthe outer steelcasewheretherewas spoorpaint 
film. It also caused sme of the control shafts to stick. All repairs 
were made in a dehumidified room. 

EvaluatioR. !!!his radiac was the best available for this particular 
operation. It was simple to operate even with its zero adjust; very 
dependable if itworkedatall; hadthelongestbattery life of any of the 
radiacs; ranges of 5 mr/hr tm 5,CQQ m-/h? were used principally; there 
was close correlation of re&i33gs among instrumntii; som difficulty was 
experlemed in read- meter at 10 percent caf fullscale because the 
switchwas overthispoint. 

RecomeMations. 'Illhis ~instruaent is highly recoaae~d for gsma. 
field mzmrex93ts. Only fresh batteries should be imtalled. A shoulder 
strap with rel<iablc clips should be used to carry this instrtmmt safely, 

.-- ._____._..-_ ._,..,.,,* “.l. I _..., . 



I 

r p’ 

__._m.__. _-__...--__ ._ .__.__ ___I___. .l_ __ _-_ _-_- _.------“.___--_~. _ 
__. ..~____ _..._ --- 

_ - .L. -__- .- 

This inatnment (Reference 29) is the suintfl- 
lation type with Sate& 
to 500 r/hr fullscale. 

ph~tomultiplior tube, using 4 ranges, 0.5 r/h 
It measures m radiation only, Is relatively 

nondirectional. has a ranga mitch. were set. cal;lbrcation set, and alp 
crates from co&non flashlight dry &ls (a 30). 

r, 
2 weeks with Co60 gssi .- 
500 r/h- r=xe 

Q&bration. All instruments were calibrated every 
range; midscale readings were checked on each range; the 

c was not checked. 

. 
, 

Maintenance. None required. 

Evaluation. This instrument not used because useable ranges were too .\ 
.: 

high; the instrument could not be calibrated with internal source in a 
gamma radiation field such as that encountered on the test ships. 

Recommendation%. Not recomnmded for future opsrations. The AN/PI%18 
or 18B would be useful only if intensities higher than 50 r/h were to be -_ 
masured. , 

-._ 

m3 WPBR= This is a double tube instrument with four 
rauges from 0.5 to 5 usiag a G-M tube probe detector and SO to 500 
mr/hr using an internal G4d tube. It measures beta and gamma radiation 
with the probe, and gamma only on the two higher ranges, It has nondi- 

Y-s 

rectional gamma sensitivity. A ran e switch is the onl 
inatrumsnt operates from dry cells f three special types f 

control; the \ 
. 

Calibratiqp. All operating instruments were calibrated approximately 
every 2 weeks with Co& radiation. !&id-scale intensities for each range 
were utilized except where gamma background on Perry Islsnd was above 10 
percent of full~scsle reading ('background was as high as 10 mr/hr). '_ 

Y the BA-401 
Battery failures occurred very frequently, particularly 

and BA46fi. New batter&es were installed in each instru- 
ment before shipping, but when checked 3 months later at the test trite, .-. 
8 instruments had defective batteries, and by the end of the operation, all 
batteries had to be replaced. The BA-4olfo batteries ,leaked so that their 
holders had to be washed and carefully dried to remove and prevent corrosion. 
There were other maintenance problems because instruments were seldom used. 

Evaluation. The short operating life in tropical climte was caused 
pr?imarily by battery failure. Instrument was not suited for personnel 
monitoring because probe ranges were too low (only 5 mr/hr, when the back- 
ground was often 5 mr/hr or more)8 i was not completely useable for ship- 
board monitoring because many intensities were higher than the SOO+sr/hr 
upper Ifmit of the fnatrument. The PBR4'7C was a complete misfit, and 
as a result was used very little. 

Recommendations.. Not recommended for field tests unless radiation 
levels below 5 mr/hr are to be encountered. If personnel monitoring is 
to be accomplished, a side window G-M instrument like the &?I=5 would be 
preferable. 

. 
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Figure 0.1 Beta directional instrument, ~~1-12. 
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and has four ranges from 20 to 20,ooO ticroeuries equivalent of strontim 
yttrium 90, meter readings from 0 to 20 p amp and ranges from Xl to XlOOO. 
It measures beta radiation only from an area 10 by 10 cm when placed 1 cm 
above the surface to be monitored. It contains one BA-30 battery, two 30 
and one 15 hearing-aid batteries, has an on-off switch, range switch, and 
zero controls. It is cover4 with a polyethylene bag 2 mil thick which 
is held in place with a removable clip* Twelve of these instruments were 
used at the site* 

Calibration. Each instrument was checked an beta-calibration buttons 
before each dayts monitoring operations. Four Srm-fl standards which 
permitted midscale check3 on each range, I.e., at 10 PC, 100 pc, 1000 pc aud 
10,000 pc were u3ed. These data were recorded and compiled thereby per- 
mitting a continual check on the performance of each instrument. The same 
backing material (wood) had to be wed for mounting the beta buttons to 
keep'the back-scatter uniform. 

Maintenance, These instruments were excellent electronically but 
fragile mechanically. The most common causes of failure were unsoldered 
chamber and battery connections, brcken lucite and glass stand-off insu- 
lators and chamber separators, window breakage, range switch and toggle 
switch failure, and several 20 yc meter movement breakages. The loose 
connection3 were easily resoldered, the separators were remade of brass 
and the insulators of phenolic plastic instead of lucie. Switches were 
cleaned, or replaced (toggle only). There were few 30-v chamber batteries 

l replaced, no 15-v, and few 1.5 v A cells. No tubes needed replacing, 
Broken windows were restraightened and used even though torn. All repairs 
were conduc';ed in a dehumidified room, and the instruments were stored 
there until sealed in polyethylene bags. Torn bags ia the field allowed 
the instruments to absorb moisture resulting in high readings.. 

.._. 

Evalnatione This instrument was the only one available which would 
read localized beta radiation in a high gamma field. The meters were 
easy to read; the data were recorded as actual meter readings plus range 
scale position (e.g. x 10). It was easy to operate despite zero adjust, 
however a carrying strap would have been helpful; the sensiivity rangc 
was adequate for this operation, few readings were offscale on Xl000 scale 
and few were below 1 pa on the Xl scale, the meter time constant was sat- 
isfacotrily rapid on all but the Xl scale, linearity was excellent! the 
instrument hold3 zero s,etting very well; there was a very slow calibration 
drift of about 6 percent per month. The correlation of readings between 
PnaLuments was fair, however, calibration factor3 were calculated for 
each instrument based on the calibration data, and the monitoring data were 
corrected with these factors (ranging from 0.80 to 1.1). They were also 
sufficiently insensitive to gamma for practical use, see Table G.1. These 
instruments were assembled just before shipping to the test site, and no 
preliminary testing was possible. Many of the mechanical weaknesses would 
'have been corrected if sufficient laboratory testing had been possible. 
The electronic circuit. size. and weight were excellent. Aside from the 
mechanical failures, the operational life could be considered to be about 
the same as the TlB. lClO0 and Xl000 scales were insensitive to gamma ; 

radiation from 0 to 20 r/hr. 
. 
. . . 

439 

t 



i 

tA8LE G.1 GAMW SXXSITIVITT OF BETA PRO8X 

5.3 x 10 
5.3 x 10 
5.3 x 10 
5.3 x 10 
5.3 x lo 
S.? xl0 
5.9 x 10 
6.0 x 10 
6.5 x 10 
7.5-x 10 
9.3 x 10 I 

Recolmlkendat ions l 

1. The instrument should be of sturdier construction, 
2. Twice the number of switch points or sensitivity ranges should 

be added i.e., Xl, X3, XIO, and X30. 
3. Carrying cases and straps for the instruments should be prodded. 
4. The bag clip and stand-off feet need improvement. 
5. A power supply using only flashlight typs dry cells (BA-30) 

should be designed. 
6. A similar instrument with greater sensitivity (lo-50 times) 

should be designed for monitoring industrial decontamhnation operations 
at shipyards. 

7. The NRDL RBX-12 or similar instrument should bs used in titure 
f5eld operations to determine decontamination efficiency, 

-3 Directional Gamma Detector. mo directional gamma detectors, 
designed and fabricated at NIL, were completed just prior to shipment to 
the test site. The directional. gamma detector shown in Figures G.3 and 
G,4 consists of a small G-at tube shielded by a lead sphere, 6 in. fn di- 
ameter with 60° conical ewindclw". 

L 
The sphere is mounted on a tubular steel 

stand 30 In. high which also holds the electrometer case.and calibration 
button. When the detector is directed downward, i covers a circular area 
of about 7 sq ft. Only the gamma rays inside th%s ,circular srea are seen 
ty the G-l tube and except for about 1 percent leakage through the lead 
shield are detected. This "background" is measured and subtracted by in- 
serting a 
button (Co 8 

rass covered lead plug in the conical, window. The calibration 
O) Pa also held on the end of the plug when the instrument is 

calibrated. The electrometer ease has a control panel includtig an in- 
dicating meter 
(potentiometerj 

a range switch, zero set, on-off switch, calibrating acrew 
, and G-M tube cable connectors. 

CaJ,ibration. Both dnstruments were calibrated on gamma range before 
each operation, During priory calibration each instrument was made to 
read 25 on the W scale at a radiation intensity of 25 mr/hr. The gamss 
button was then placed on the end of the lead plug and inserted in the 
spherical shield. It usually read about 20 on the "BW scale. Primary 
calibration was then continued and meter and scale readings were plotted 

% 
& 
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Figure C.3 Directional gamm detector, RGG-1. Shown 
are the tubular eteel etand, Prpherical CM tube ehield, 
ahield plug in opeletor'e hand and electrometer box. 

Figure G.4 Close-up of directions1 gum16 detector, 
. 

ehatrlng GM tube in center of apher'cal ehield. Gamma' 
calibrating buttons are carried In '&ii&al plastic box 
mar the electrometer. 
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Figure C.5 Automtic preeeure regulated wipe sanpler. 

Figure G.6 Wipe eample kit, including filter pager, rubber 
stopper pressWe applicator. 
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and after each group of 8ampleo w0m monltawl. Background counta ama 
talm after each 20 sanrplca. 

&&hxm.nc~. The double ~ichd pressur0 oensitive tap0 was ren0w0d 
regular3y ota wQx3 samplers. Widow 014 proystional psobs was broken and 
no replacemctt 888 made. The Atomic Eodel105 scaler was mc&ture saasi- 
tive and had to be left ruming 24 hr a day to maintab its twxuracy. 
Several tubes were replaced, and the register relay WBB repaired on the 
Atomic scaleru 

&&wtio~. 
In the wind, 

The wipe samplers were satisfactory except when used 
which blew the filter paper off the doubts coated preamre 

eensitive tape. Theratemeternith gsrp flm probewouldhme al&wed 
mere rapM monitcri~~ of ths wipe sampler, but early breakage of the proba 
preventedltsuf3e, E2treme sensltiviey ftl. a G44 tube was not needed in 
field type wipe rauple counting because contcm5natbon levele were nom&Q 
high. Semi-automatic decbal acalere like the Atcmic trcaler definltely 
facilitated 43am@e canting. It was found that with a little traluing, 
nontccimical pemonnel could operate all of the wipe oampliug and couutfng 
cquipa3ent 8atiefactorily. 

1. The present wipe sampler ehould be imprmed, and treed in fbture 
operatione to obtain uniform wipe sampling. 

2. The efficiency of the wipe sampler should be determined for 
variom ausfacera. 

3, Rate metering equlpent for wSpe sa~@es ehould be perfected and 
used in future operations. 

G.2 SURVEY STATION LOCATIONS 

Thelocaliono of the sumem t&en aboard the experfmentsl shIpa are' 
shown ia Mgursa G.7 through 12.9 and fpl Table G.2. 

G.3 FRELfERURYWORK ON FALWUT ?RGlDGRAPRY 

would 
It was anticfpsted that the fallcut to be p82otogra@ed 
he in the form of a rain or a fog such aa tke rabcmt 

on the Y4G & ’ 
andbasemarge 

experfenoedatBikiniaBake~. It waameetimated that the fallout would 
occur within the flret 4 hr after shot Wm. S%nce radiation level6 ou 
the ehfp were assumed high enough to gim lQ,OGO r total dose gamma ra- 
ddation over a weeks8 time, shielding the cauera*~ flea to m%ubise fogg5ng 
presented a problem. 

The following conditions were coneldered necessary to imure aatb- 
facto-ry photogmphm of the fallcut arriving at the UG @t (1) stoppage 
of practically all pertkcls mtlon; (2) tmff%cWit illtmzbmticm for 10 p 
partlcleo and larger; (3) adequate reeolution fop particle siae detemina- 
tlon and different&&Ion between liquid end oolti particles; (A) sa@Uug 
period of $ hr or more; (5) time resolution, 30 mc (interval b&wecsn pie- 

3 

turee); (6) film which was relat*ively sensitive to light but inseneitisre . ! 

fo gamma radiation; (7) ehdelding around film to r&b&m foggiug when 
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Figure G.7 Incation of the stations eurveyed on the 
weather deck. 
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TABLE G.2 BoILm-Axa swlvEx IDCATIOIS 

facatlon 
Beta zadirwc and ViQe SmaaCB 

PM CM of firing able 

6= fud or fvd burner, l tbd 
Z!k’ above of fvd bum&r, stbd 
24. &mm or 20d bwner, 8t.M 
24" akwe or 3ml burner, otbd 
24. ab0ve or at tamer, 8tM 

Qper dk nfd or boiler ridLey 
upper dk rtba or boUer iidly 
@per dk 8t.W of boller ridby 
upgcr dk port 0r boiler fidley 
BoatdLfwd 0rboLzerfldley 
Boat dk at&l of boiler fidley 
BoatdkaftofboFzetribtey 
mfitakport 0rboLlerriQley 

Port Or bhcr air intake duct 8’ above elba~ 
Belav holler crir intake duct 8’ above elbow 
Aft or elbw, air intf&e duct 
Belcw elbow, sir lntdrc; duct 
Art of boiler sir intake duct, tq~ of D@JX 

ca5irlg level 
Belou boiler air duct, top or engine cwmg 

Aft of boar air duct 32” 6bove lcmr 
transition piece 

Belw bolJ.er air duet l2” above lwcr 
trmsltlon piece 

Btvz let and 2nd burner, 3B inm a atbd 
Btwnlstand2dbumer,36"fr~dkport 
Btvn3rdmd4thltumer, 36”frcmdkport - 

Eddee dk fhfd of ridley 
Eriase dk atba 0r flaky 
Bridge dk rft or ricuey 
Bridce dk pnrt Or ridby 

975 
976 

% 

eXpo8cd tct the gamma radiation doses anticipated;, (8) small camera, so 88 
to require the mi.IIiEWD size of shielding; (9) sufficient film cay&city in 
camera for about 503 frmes or individual pictures without reloadtig or 
rewinding; (10) means of synchronizbg the camera shutter to the electronic 
flash lamp; and (11.) means of starting and stoppIng the entire system ERILO- 
EKMcally. 

In preliminary laboratory tests to determine the type of film to 
used, various common film8 were exposed to increasbg gama dosages (Co ') 

b& 

and the resolution of the film was plotted against gamr?a exposure. The 
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E.aataYmn Kodak Special Order 918. film jmmd to be the beat for the antic- 
ipated conditions. 

Various light-concentrating mirrors were tested to determine the 
correct focal length to uae and the optimum placement of mirror and 
electronic flash lamp, The best combination was an eliptical mirror, ritb 
the flash lamp at the far focal point and the target voluao at the near 
focal point. In this way a very intense beam of light of l/2000 set dur- 
ation was produced. This beam was espable of illumfnating and partially 
stopping rapidly falling droplets as. well as fine mists and powders. 

Figure G,lO is a photograph of falling water droplets produced by an 

lYJyP0 Gel0 Mater apray, 
fx&Arged (7.3 x) fbm all 
aerosol CalReP frama. 

atomizer. Figure G.11 is a photcmicrograph of a am&l1 area of Figure G.10, 
Note the tear drop shape which was caused by the uneven output of the 
flash lamp. When the flash lamp discharges, it emits rery intensely at 
first but immediately diminishes for a fraction of a millisecond. The 
image of the particie apqesra largest when the illumination is brightest 
and the image shrinks toward the end of the flash tube*3 discharge. With 
moving particles a tear drop shape is always produced wit3 the tear drop 

Fipm G.11 Photcmlc~ogmph 
(90 X) of a section of Figure 
G.10 showing characteristic 
tear-drag 3.K4agea of rapidly 
rk0ving water particles. 
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pdnt.tng in the direation of movement. This same d’fecd wm noted with 
s&id as well 2s liquid particles. Rain drops ehow characteristic pimd 
wea of the bigblights caused by reflectiolla from the f3ash lamp and 
OrLrpOP on eit!Sr crfde of the drop. Tki~ appeararm is a possible my of 

Figore G.12 Wires photographed at an initial 12:l 
reduction illuminated by ordinary room light. The 
1 and 0.5-nil wires are barely diecernible. Enlarged 
0.9 X actual size. 

Figure G.13 Sante‘wires photographed as above but 
illuminated by a single flash discharge from the 
electronic flash lamp. All wires are intensely 
recorded. Enlarged 0.9 X actual size. 

ciirfereutiatiglg large solfd from large liquid particles. T&S imgea of 
smell water droplete merge into a single recorded spot as shown in the 
figur88. 

Using the inM.al. laboratory setup and the sUpboard lrmtrillation, 
pretest photogm#m were made of coarse and fine mists, fogs, mokaa a& 
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ooaro6 azad fine particles from solid aerosol8o In all these cases, how- 
ever, the ntarnbor of particles par unit Volum of air was fairly high, 
such QS would be encountered in a heavy rain, fog, or dust storm. A oeriea 
of fine wires were photographed with the aerosol oamera to obtain a rough 
calibration of the magnification of the aystem 80 as to determine ahethex 
it would be possible to estimate particle sizes from age sizes. Actual 
magnification on the film was l/l2 X* F‘igurea G.12 and G.13 show the 
frame holding 'tao aets of wirea rrhose siass were 30, 10, 4, 1, and 0.5 
mXLs, nominally, or about 750, 250, 100, 25, and 12 p in diameter. The 
width of the irps;gee was measured with a rzeroacope equ&pped with a micro- 
meter ocular. &Then image width was Notted against actual wire size, a 
Btraight line was obtained dam to the 40mil (100 p) wire, Below 4 mile 
the image width remained nearly con;,tant, but its intensity diminishes. 
The 12 p wf~e is still very intensely reoorded, 80 it may be a8sumad th8t 
whlle particle size d8tmninatiOns below 100 p may not be estimated, cex- 
*tainly, the syater is able to record diffraction of particles a8 small as 
lOpand, p&aps,aa smalPas2~. 
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TQ estimate the radiaticn flux aboard the I!& 40 on the bash of dose 
rate mesimrement taken at 8oee distance from the X4;', it it3 neceessry to 
have Borne concept of the relationship of the radiation flux and distance. 
Arr a first aDnro%imation; the Ti% .@ ~83 considered to be a reCtmdar 

source and t& follcwingTequation (Reference 31) was used: 

where I z radiation flux (r/hr) 
conversion factor (1.92 I 10-6 in this c-0) 
activity per unit area (mev/sq cre/sec) 
width - 

_ - _ 

length 
distance from source 

noxmalising these 
PI.1 i8 obtained. 

Ry subLtituti.ng cppropriate numbers and then 
radiation flux at1 ft, the curve shoxn in Figure 

The following procedure Goes not produce a precise measurement of the 
radiation flux, There are man7 factors that are not accurately measured 
and there are ccrrection factcra that CC&G be applied but were not. The 
purpoee of these measurements was to tie an order of magnitude determin- 
ation of the radiation flux and, as indicatec in the body of l '-e repert, 
the rermlfx of three separate trials produced this degree of Arrelatfon. 

to the 

To simplify the data taken during recovery operationc one person waa 
assigned the responsibility of estimating the relative disknce kc'seen 
the UG & and the ATF 1~6 at various times. Pigura H.2 ie a plot J these 
data. All personnel aboard +he ATF 106 concerned nith doss rate meawe- 
ments ncted the time at whicr Feadings were taken. It wasp then posaiblc 
to est&ate_the corresponding dis&ance for each radiation level by wing 
Figure H.2. Figure h.3 im 8 plot of the radiation flux measured aboard 
the ATF 136 during recovery operations. mile it ia noted that there is 
eom.. ?*andomaess to these data attrijutable to mch factors a8 distance 
uncertainty, and inherent instrument inaccuracy. it is postlime so draw 
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Figure II.1 Percent of radiation flux at 1 ft as 8 function 
of the distance from the deck of the YAG 40. 
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Figure H.2 Distance vereue time during YAG 40 recovery 
after Shot 2. 
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Figure H.3 Raciation flux as a function of distance during 
YAG 40 recovery after Shot 2. 

the straight ltie shown aa R possible relationship for radiation flux 
versus distance, Comparison of Figuse H.3 with Figure H.l shows that 

L 
, 

?,.. 
I’ 

the 
intensity versus distance pattern for the 100 to 1000 ft distance is a 
straight line on log-log pfqxw. 

Table II,1 presents typ%cal data'from corresponding points taken from 
Figures H.l and Ii.3 and the resulting radiatiu:: '"lux at 1 ft on board the 
YAG 40. These data were not corrected for decay to any given time. They 
specify levela existing at the time of measurement. 

Figures Ii.4 and H.5 are similar data taken after Shot 4 and Table H.2 . _ 

present8 typical data from Figures H.1 and H.5 and the resulting radiation 
flux at 1 ft on board the UG 40. Due to the general background of 30 mrb 
created by the contaminated ocean surface it was felt that readings taken 
at distances greater than 500 ft,were too distorted bJi the high bdcgrotd f 
to be reliable. 

Figures H.6 and H.7 are similer data taken after Shot 5 and Table H.3 
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presents typical data from Figures IL1 and H.7 and the resulting radiatioa 
at 1 ft on board the YAG 40. ilux 

n.3 

. i 
r 

_. . . . . . -.- .-_ ._ 

TABLE Il.1 TTPICAL DATA FOR RADIATION FLUX ~T1MATF.S FWt SIDT 2 

(4 1,: Estsbllahed radiation flux at 1 f't from +ck of XAC 40 

(I0 = ho= 102) 

In order to carry out the above for any ship it is necessary to have 
available a curve similar to that of Figure H.1 for the ship involved. 

A 

I UNDER TOW 
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Figure H.4 Distance versus time during YAG 40 recovery 
after Shot 4. 
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Figure Ii.5 Radiation flux versus distance during YAG 40 
recovery after Shot 4. Measurements include a general 
background of 30 mr/hr, 

TABIS Ii.2 TYPICAL DATA FOR BADIATION FLUX ESTIBATIS FOR SWT 1 

$& dp I, @Us. H.l) ! 

ta) Corm&d for Can. B.C. of 30 +r. 

tb) IO s Estlmted radiation flux at 1 It from dick of UC 40 
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Figure H.6 Distmce veceus time during recovery of YAG 40 
after Shot j. 

OI67*WCE IF1 I 

.gure a.7 Radiation flux versus distance during YAG 40 
recovery after Shot 2. Flux measurements include a 
general background of 6 mr/hr. 
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TABLE 8.3 TTPIC,iL DATA FOR RADUTIOK FUlI ESTIUT'ES POR SHOT 5 

Obviously thie cum will vary in accordance with the ship dimensions. 
Radiation measurements can be made to determine the relative relation- 
ship of radiation flux versus distance from which an estimate of the 
radiation flux at 1 ft can be made ae outlined above. 

Since the procedure is for order of magnitude determination only, 
it will always be necessary for any boarding party to conduct monitoring 
surreys, particularly to locate any "hot spots." However, it is felt that 
a procedure similar to that described above can be used to provide a rough 
estimate of the expeated dose rates and serve as an indication of the de- 
gree of radiation eacpsure to be expected during the boarding operation. 

Since this system was tried out durigg Operation Castle on a limited 
scale (three trials) it would seem in order to conduct additional studies 

a 
to detormiue how sensitive the system might be to the variables involved, 
before a wide scale usage of the procedure is recommended. 
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